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ABSTRACT

Author: Rivera, Rebecca L. PhD
Institution: Purdue University
Degree Received: May 2018
Title: Evaluating the Effect of SNAP-Ed on Household Food Security Status and Dietary Intake
of SNAP-Ed-eligible Participants in Indiana.
Committee Chair: Heather A. Eicher-Miller
High prevalence of food insecurity and poor diet quality characterize the US low-income
population qualifying for the Supplemental Nutrition Assistance Program (SNAP) when
compared with higher income populations. The Supplemental Nutrition Assistance ProgramEducation (SNAP-Ed) is a federal nutrition education program available at no cost to the
income-eligible population with the goal to improve diet quality by promoting adherence to the
Dietary Guidelines for Americans (DGA) through nutrition education while also supporting the
goal of SNAP to improve food security. Limited evidence suggests that SNAP-Ed improves dietrelated outcomes such as food security, intake of fruits and vegetables, and other targeted
positive health behaviors over short-term periods; however, the long-term impact of SNAP-Ed
on these outcomes is unknown. The overarching aims of the research in this dissertation were to
evaluate the effects of direct SNAP-Ed delivered through a series of nutrition education lessons
at the individual level on the outcomes of food security and dietary intake over a long-term
period using a randomized and controlled nutrition education intervention study design. An
additional aim was to assess whether changes in food security or dietary intake were influenced
by specific program characteristics.
The dissertation begins with a narrative review critically evaluating the small body of
direct SNAP-Ed impact and outcome research literature on food security and dietary outcomes,
concluding that inconsistent measurement tools and outcomes across studies along with weak
study designs contribute to an inability to determine the effectiveness of SNAP-Ed to improve
food security or dietary behaviors. Due to the inconsistencies across studies, a meta-analysis or
systematic review were not possible. The research studies presented in this dissertation fill a gap
in the literature and provide an example of the feasibility of implementing rigorous research to
investigate the impact of SNAP-Ed. Facilitation of 2 longitudinal randomized and controlled
nutrition intervention studies with the 4 core SNAP-Ed lessons as the intervention provide the

xiv
data for results presented in chapters 2-5. The evaluation of the impact of SNAP-Ed on food
security outcomes among Indiana households with children found improved household food
security score in the intervention group compared to the control group over the 1-year study
period and provides strong support of the effectiveness of SNAP-Ed to assist SNAP in improving
food security. The of improvement of 1.2±0.4 (P<0.01) units on the household food security
scale among the intervention compared to control group households is both statistically
significant and practically meaningful; the effect size resulted in an average improvement in
household food security score by 25% over the 1-year study period. Food security score among
household adults also improved by 0.9±0.3 (P<0.01) units in the intervention compared to
control group over the 1-year study period.
A follow-up study investigated whether program characteristics influenced the increase in
household food security score observed in the previous study. The number of lessons received
over the 1-year study period or whether lessons were delivered on an individual, group, or
combination of the two formats were not significantly associated with the increase in household
food security in the intervention group. Additionally, there was not a significant effect due to
variation between the SNAP-Ed paraprofessional delivering the lessons. In addition to delivering
lessons, SNAP-Ed paraprofessionals may assist participants to determine eligibility and apply for
nutrition assistance programs and provide links to community resources to aid resource
management. This study also revealed that participation in nutrition assistance programs (SNAP,
WIC, food pantry use) did not mediate the long-term improvement in household food security
due to SNAP-Ed in the intervention group. These results from the first randomized controlled
trial (RCT) provide strong evidence that SNAP-Ed improves long-term food security despite
various programmatic factors and participant use of food assistance among SNAP-Ed households
with children.
The second outcome of interest was the impact of SNAP-Ed on dietary intake and
quality. A cross-sectional assessment of the baseline study population recruited for the second
randomized and controlled long-term evaluation featured the overall diet quality of the SNAPEd-eligible population using the Healthy Eating Index-2010 and mean usual intake of food
groups emphasized in SNAP-Ed lessons and the DGA. The SNAP-Ed-eligible diet quality was
poor (42±0.9) and lower than the general US population. Stratification of the study population
according to food security status (food secure and food insecure) revealed that food insecurity
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status was negatively associated with overall diet quality and the dairy and whole grain diet
quality components (P≤0.01) as measured by the Healthy Eating Index-2010. There was no
difference between food secure and food insecure participants with regard to the large overall
proportion of the study population not meeting daily serving recommendations in the DGA for
fruits, vegetables, dairy, and whole grains, highlighting a strong need for nutrition intervention
across this low-income population.
An evaluation of the impact of a SNAP-Ed intervention on dietary intake over a 1-year
study period determined the effect, if any, on mean usual nutrient intake, mean usual intake of
food groups targeted by SNAP-Ed (fruits, vegetables, dairy, and whole grains), the proportion of
the population at risk for inadequate nutrient intake, the proportion of the population not meeting
the number of daily food group servings recommended in the DGA, diet quality, and diet quality
components. The nutrients assessed were those considered to be under-consumed by the US
adult population and nutrients to increase according to the DGA (calcium, vitamins D, E, A, and
C, magnesium, potassium, fiber, and folate). No long-term differences in mean usual nutrient
intake, mean usual food group intake, the proportion of the population at risk for inadequate
nutrient intake, the proportion of the population meeting intake of food group recommendations,
or diet quality were found in the intervention group compared to the control group, except for a
decrease in the sodium diet quality component score (p=0.02) among the intervention group.
SNAP-Ed did not improve dietary intake or quality among SNAP-Ed-eligible Indiana adults.
One explanation for the improvement in food security but not dietary intake may be that
intervention group participants were successfully able to use the nutrition education they
received to improve access to enough food to improve household food availability, but that
stretching resources in order to have enough food was not able to also improve the nutrient
quality of the food, thus participants did not improve dietary intake. The possibility further exists
that other household members, such as children and especially young children, may have
experienced improved diet quality due to SNAP-Ed because the adult SNAP-Ed participant is
likely to be responsible for food procuring, preparation, and distribution of food to other
household members. Previous research supports that this individual usually prioritizes other
household members’ quantity and quality of dietary intake before their own.
The results from the studies in this dissertation contribute strong evidence in support of
the positive impact of SNAP-Ed on long-term food security and demonstrate that SNAP-Ed is a
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critical component to the multi-faceted solution to the pervasive public health problem of US
food insecurity. These dietary outcome results point to a need for more research to understand
why the generally positive findings in the emerging scientific evaluation literature regarding the
impact of SNAP-Ed on diet-related outcomes do not translate to improvements in long-term
habitual dietary intake and quality.
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DOES SUPPLEMENTAL NUTRITION ASSISTANCE
PROGRAM-EDUCATION (SNAP-ED) IMPROVE FOOD SECURITY
AND DIET QUALITY? A NARRATIVE REVIEW

Rivera RL, Maulding MK, Eicher-Miller HA. Does Supplemental Nutrition Assistance ProgramEducation (SNAP-Ed) improve food security and diet quality? A Narrative Review. Submitted to
Adv Nutr on January 12, 2018.

This manuscript was submitted to Advances in Nutrition: An International Review Journal and
formatted according to the journal requirements. American Society for Nutrition journals provide
the right for authors to include their own articles in their dissertation.

1.1

Abstract

Low-income populations in the United States (U.S.) that qualify for the Supplemental Nutrition
Assistance Program (SNAP) have greater risk for food insecurity and poor diet quality compared
to higher income populations. The Supplemental Nutrition Assistance Program-Education
(SNAP-Ed) is a federal nutrition education program that assists the SNAP-eligible population to
improve diet quality by providing education to promote adherence to the Dietary Guidelines for
Americans. SNAP-Ed also supports the goal of SNAP to improve the food security of lowincome Americans. Determining the impact of SNAP-Ed on diet and food security is important
to inform future implementation of the program including gaps in reach, areas for improvement,
expansion, and others. This narrative review summarizes the current state of knowledge of
SNAP-Ed to improve food security and diet quality from 8 peer-reviewed research articles and 2
government reports of demonstration projects. The few studies (n=3) with food security
outcomes provide stronger evidence that SNAP-Ed is efficacious in improving food security
compared to the greater number of studies reporting nutrition-related outcomes (n=7). All but
one of these diet-focused studies report positive findings; however, inconsistency in
measurement tools and outcomes and lack of strong study designs characterize most of the
scientific evaluation of SNAP-Ed effectiveness to improve diet quality and contribute to weak
evidence. Additional rigorous study designs representing the geographic and cultural diversity of
U.S. populations served by SNAP-Ed are needed in order to provide credible evidence of SNAP-
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Ed effectiveness on these outcomes. In the face of reduced financial SNAP benefits, SNAP-Ed
may serve as an important part of the solution to eliminating food insecurity, improving diet
quality, and ultimately the health of low-income Americans.

1.2

Introduction

Food insecurity, “the limited or uncertain availability of nutritionally adequate and safe foods or
limited or uncertain ability to acquire acceptable foods in socially acceptable ways”, is a serious
public health problem that negatively impacts nutrition and health (1). At some time during the
year 2016, food insecurity characterized 12.3% of American households, totaling 41.2 million
people, according to the United States Department of Agriculture (USDA) Economic Research
Service (ERS) (2). Food insecure households have difficulty obtaining the foods they normally
eat, thus, the type and quality of the foods consumed during times of food insecurity may be
compromised (3,4).
The overall diet quality of Americans is not ideal; an overwhelming majority of Americans
do not meet the recommendations in the Dietary Guidelines for Americans (DGA) (5). Subsets
of the U.S. population, such as those with low-income, are more likely to be food insecure and
have lower diet quality and a heightened risk for chronic disease compared with other Americans
(5–7). The purpose of this narrative review is to provide a critical appraisal of the small but
growing body of scientific literature examining the contributions of direct nutrition education
provided through the Supplemental Nutrition Assistance Program-Education (SNAP-Ed) as a
critical part of the multi-faceted solution to the problems of food insecurity and poor diet quality
in the U.S. low-income adult population.

1.3

Current Status of Knowledge

Food insecurity is associated with preventable poor dietary and health outcomes in the U.S.
The definitions and measurement of food security in the U.S. have been thoroughly described
elsewhere (8). In brief, survey instruments developed by the USDA quantify the food security of
the entire household, adults in the household, and children in the household (9). Food security
status may be classed as: high, marginal, low, or very low with the latter two categories
representing food insecurity (9,10). Reportedly lower quality, variety, and desirability of food
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characterizes low food security while very low food security is indicated when amount of intake
is reportedly reduced (3). Food insecurity has been associated with overall poor diet quality and
reduced intake of dairy foods, vegetables, and fruit, likely resulting in reduced intakes of several
micronutrients in food-insecure compared to food secure U.S. adult populations (11). Poor
nutrition-related health outcomes such as diabetes and hypertension have also been associated
with food insecurity (8). Chronic disease treatment represents a significant use of national
resources that may be reduced with appropriate prevention. Health care costs saved as a result of
preventative interventions are estimated to be $16 billion annually over 5 years (12). Federal
nutrition education is one such preventative intervention that has been shown to be cost-effective
for nutrition-related chronic disease (13–15).
Federal nutrition assistance and direct nutrition education programs aim to improve food
security and dietary outcomes in low-income households. The USDA supports 15 federal
nutrition assistance programs to assist low-income Americans in meeting their dietary needs and
improving food security. The largest program in funding and participation is the Supplemental
Nutrition Assistance Program (SNAP), formerly known as the Food Stamp Program (FSP).
SNAP aims to reduce and prevent food insecurity by providing financial benefits to purchase
supplemental foods from authorized stores to low-income households with gross monthly
incomes at or below 130% of the federal poverty guideline who meet specific resource
requirements (16). Studies evaluating SNAP have documented successful improvement of food
security among participants compared with eligible non-participants (17,18). Dietary intake to
support health and prevent chronic disease is an additional need in the SNAP-eligible and SNAP
populations.
SNAP-Ed is the complementary educational program to SNAP that aims to align
household dietary choices with the DGA (19) recommendations and support the food security
goals of SNAP. SNAP-Ed started as the Family Nutrition Program and Food Stamp Nutrition
Education (FSNE) program in the 1980’s and has consistently provided nutrition education to an
audience qualifying for federal means-tested assistance programs or low-income communities
(≤185% of the federal poverty guideline) (19). SNAP-Ed may be directed by one or multiple
agencies in each state, such as Cooperative Extension at land-grant universities, public health
departments, or private non-profit organizations. SNAP-Ed is a non-entitlement program.
Participation in SNAP-Ed does not require participation in SNAP, and vice versa; however, the
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SNAP-eligible population is the target audience for SNAP-Ed (20,21). Although this review
focuses on adult programs, SNAP-Ed also provides age-appropriate programs to children. In
both adults and children, SNAP-Ed centers on two broad key behavioral outcomes from the
DGA: promoting the consumption of nutrient-dense foods and beverages and achieving and
maintaining a healthy weight through caloric balance over time (5).
SNAP-Ed implementing agencies in each state must develop curricula and interventions
that fulfill the federal SNAP-Ed Plan Guidance document (21) which outlines how to address the
key behavioral outcomes. SNAP-Ed programs have continuously been required to offer
behaviorally-focused programming through direct nutrition education delivered individually or
to groups by nutrition education paraprofessionals using a range of curricula based on a variety
of health behavior change theories. The expected outcomes for SNAP-Ed participants may
include following MyPlate (22) recommendations, increasing physical activity, and building
food resource management skills, among several others (21). More recently, programs are also
required to additionally intervene in a broadly focused community scope at one of three other
levels of influence (settings, sectors, and social and cultural norms) of the Social Ecological
Model from the DGA (5). This review focuses on direct nutrition education interventions at the
individual level.
Evidence base for direct nutrition education as an effective intervention among the SNAPeligible population. Nutrition education has been shown to effectively promote healthy dietary
behaviors in adults, such as increasing nutrition knowledge, beliefs, and intake of fruits and
vegetables (23–26). Additionally, increased nutrition knowledge and beliefs have been shown to
moderate the association of social economic status and education on intake of fruit and
vegetables and diet quality (24). Nutrition education indirectly addresses disparities in
education, employment, and income that are characteristic of the SNAP-eligible population
through improved health literacy and resource management skills, enabling participants to
overcome nutrition-related disparities by making informed and economically savvy nutrition
decisions (25).
Evidence documenting a lack of nutrition knowledge in one sample of 154 SNAP-eligible
study participants classified only 37% with adequate health literacy, and less than one third of
study participants reported using the ingredient list, serving size information, or health claims
labels on food packaging (27). Direct SNAP-Ed at the individual SEM level can be tailored to
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address the unique nutrition-related disparities of target populations while assisting participants
to access interventions at other SEM levels (28). For example, SNAP-Ed provides tailored
budgeting exercises to give participants practical experience optimizing SNAP financial benefits
to purchase food and guidance to maximize nutrition per food dollar in a specific situation and
environment. Unlike financial nutrition assistance, which may be temporary for many
participants, the skills learned via nutrition education may be used for years to come and can be
shared with an unlimited number of household and family members or friends, making it a
potentially sustainable part of the solution to long-term change that may ameliorate several
nutrition-related disparities (29). Thus, nutrition education has been used as a successful
intervention to improve nutrition knowledge, beliefs, and intake of fruits and vegetables (24)
with high potential to improve food security and diet quality.
Scientific evaluation of SNAP-Ed effectiveness on food security and diet quality. The specific
aim of this narrative review is to identify and synthesize the results of the scientific evaluation of
direct SNAP-Ed to improve food security and diet quality in order to clarify the evidence base
for SNAP-Ed. Goals inherent to scientific evaluation include providing evidence of a causal
relationship; elimination of alternative explanations; bias mitigation; and sufficient description of
study design, sampling, intervention, and analysis to replicate hypothesis testing.
Reproducibility of results in different populations, times, and places is also important evidence to
support an inclusive basis for program effectiveness. A review summarizing these aspects of
published direct SNAP-Ed evaluation research will fill a gap in understanding the program
impact on food security and diet quality outcomes of SNAP-eligible adults.
Aside from scientific evaluation, program evaluation is a common reporting mechanism
for SNAP-Ed. The USDA FNS Office of Analysis, Nutrition and Evaluation provides guidance
on evaluation of nutrition education interventions to demonstrate program effectiveness through
impact and outcome assessment (30). Outcome assessment, or determination of change observed
with an intervention delivery, and impact assessment, or determination of the change resulting
from an intervention applying the scientific method and rigorous methodology to exclude
potential biases through the use of a control or comparison group, are important to determine the
effectiveness of various aspects of the program and to inform program expansion (30). Impact
evaluation is specifically required to determine the effect of nutrition education on an outcome.
The distinction between scientific evaluation and program evaluation may influence the study
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design and results but is not always clear in reports. For example, program evaluation results
may be biased toward positive impact by program administrators or staff in order to show
program effectiveness and a basis for further funding. However, a rigorous outcome or impact
evaluation may indeed fulfill criteria as a scientific evaluation.
Study selection and methods for narrative review. Studies reviewed met the following criteria:
suitability as a scientific evaluation of a direct SNAP-Ed program on food security or dietary
outcomes; the direct SNAP-Ed program evaluated was distinguishable from other nutrition
education programs; and results were published as original research in peer-reviewed scientific
journals or government reports accessible through USDA websites. The studies evaluated direct
SNAP-Ed, but the direct education could be delivered in individual, group, or online formats. A
search was performed in the Purdue University Libraries online database (www.lib.purdue.edu)
using the peer-reviewed filter. Search terms included combinations of SNAP-Ed, Supplemental
Nutrition Assistance Program-Education, or Food Stamp Nutrition Education, and food security.
The USDA Nutrition Education Research webpage (31) and the USDA SNAP-Ed Connection
Library webpage (32) were searched for relevant research articles and reports in June, 2017. In
addition, the reference lists of articles chosen for review through the searches were examined for
relevant articles that may have been missed in the databases. Titles and abstracts of articles were
read to identify whether articles satisfied the inclusion criteria. Where unclear, the article text
was reviewed for clarification. Ten articles met the inclusion criteria (Table 1): three evaluated
food security and seven evaluated dietary outcomes. The majority of scientific articles were
published in the Journal of Nutrition Education and Behavior (n=4) (33–36) . The Journal of
Nutrition (n=1) (37), Journal of the American Dietetic Association (n=1) (38), Journal of
Nutrition in Gerontology and Geriatrics (n=1) (39), and California Agriculture (n=1) (40) were
also represented. The venue for dissemination of the two government reports (41,42) was the
USDA website.

1.4
1.4.1

Results
Food security outcomes

Few but strong study designs have determined SNAP-Ed is effective to improve food security
(Table 1). Results from a 4-5 week short-term randomized, controlled FSNE intervention study
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(33) conducted in 2005 and a more recent 1 year long-term randomized, controlled SNAP-Ed
intervention study (37) conducted in 2013-2014 revealed that FSNE and SNAP-Ed significantly
increased household food security in Indiana FSNE/SNAP-Ed-eligible households. Evidence
from a third 4 week short-term prospective pre-posttest study conducted from 2011-2013 in
California suggested an interactive effect between SNAP and SNAP-Ed participation to improve
food security (34). Although the studies numbered only three, the evidence is strong due to the
randomized, controlled, and longitudinal nature of the study designs used (33,37); the consistent
results across various places, times, and samples (33,34,37); and the practical strength
demonstrating that the food security status of a participant could change from one class of food
security to another (33,34,37). Experimental and longitudinal study designs greatly reduce the
chance that SNAP-Ed improvement in food security is due to external influences or residual
confounding. The evidence may be strengthened further by evaluating effectiveness in diverse
populations across the U.S. representing other low-income groups reached through SNAP-Ed.
1.4.2

Diet quality outcomes

Attitudes toward nutrition-related behaviors. Shaping attitudes toward dietary behaviors is an
internal determinant of behavior change and a focus of SNAP-Ed interventions. Recent social
psychology evidence has shown that attitudes may predict behavior when the measure used has
high construct (43) and criterion validity (44). Attitudes, described as “a weighing of pros and
cons” (45), may be an indication of a participant’s willingness to adopt a targeted health behavior
or internalize its perceived importance. A new experience or gain in knowledge can shift attitude
and ultimately impact behavior. Only one study assessed attitudes and found a significant doseresponse effect of the number of SNAP-Ed classes attended at farmers’ markets with increased
willingness to try new fruits and vegetables and a higher rating of the importance of eating fruits
and vegetables (Table 1) (36). The study was an after-only quasi-experimental design with a
nonequivalent and inactive control group (46), and participants were surveyed over a short-term
period of 1 week during 2012 (36).
Self-efficacy for nutrition-related behaviors. Self-efficacy, the personal belief, or confidence, in
one’s capability to carry out actions toward a goal (47,48), applies to nutrition-related behaviors
as established in health behavior change theories and promoted by the USDA (21,49).
Development of self-efficacy is a second internal determinant of health behavior change and
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major focus of direct SNAP-Ed. The same study that assessed attitude also evaluated selfefficacy and found participants attending at least two SNAP-Ed classes at farmers’ markets
reported significantly greater self-efficacy to prepare and consume fruits and vegetables
compared to those that attended only one or no classes (36).
Intention to change nutrition-related behaviors. Intention to change, defined as the motivation
to change specific future behaviors, is a third internal determinant of nutrition-related behavior
change related to self-efficacy. Social psychology literature has shown that behavior can be
predicted by measuring intention (48). In one retrospective post-then-pre-test study where lesson
concepts were assessed immediately after attending each lesson, participants reported a
significant increase in the intention to change specific nutrition-related behaviors after receiving
one SNAP-Ed lesson either on menu planning and shopping or MyPlate (35).
Nutrition-related Behaviors. Nutrition-related behaviors promoted by direct SNAP-Ed may
include planning meals ahead of time, using a grocery list while shopping, reading Nutrition
Facts labels to assist purchasing decisions, applying cost-efficient ways to incorporate more
fruits and vegetables in meals, etc. A variety of these targeted behaviors were evaluated in the
studies reviewed (Table 1). In 2011, a 4 week short-term quasi-experimental study evaluated a
SNAP-Ed program for seniors as a demonstration project through the USDA; results were
reported by both Long, et al. and Hersey, et al. (39,41). Significantly more participants in the
intervention compared with the control group strongly affirmed that they “add fruits and
vegetables as ingredients to meals to help eat more fruits or vegetables” from baseline to postintervention assessment (39,41). In addition, significantly more intervention participants
compared with a no treatment control group talked with a healthcare provider and friends and
family about eating fruits and vegetables (39,50). Participants who attended two or more SNAPEd classes at farmers’ markets reported eating fruits and vegetables as snacks and including two
or more cups of fruits and vegetables at meals compared to participants who attended only one or
no class (36). A one lesson short-term experimental study in 2006 assessed behaviors along with
intake and found that intervention group participants who received a 2.5 hour long nutrition
lesson increased the frequency of using Nutrition Facts labels compared to an active control
group that received a resource management lesson (38).
Dietary intake. Dietary intake is the most direct measure for the targeted behavior change of
improving diet. Four studies measured self-reported average daily intake of cups of vegetables,
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cups of fruit, and combined cups of fruit and vegetables with responses ranging from “none” to
“three or more cups” (36,39,41,42). Participants who attended at least two SNAP-Ed classes
reportedly increased daily intake of fruits and vegetables by nearly one serving compared to
those that attended only one or no classes in the quasi-experimental studies (36,39,41). Results
from one study revealed a dose-response effect by the number of classes, with nearly 20%
increase of cups of fruits and vegetables consumed each day with each additional class taken
(36). Variety of fruits and vegetables consumed in the past week was also assessed in studies by
quantifying the number of days participants consumed more than one type of fruit or vegetable,
but a statistically significant change was not discovered (39,41,42). The second USDA
demonstration project was a 4 lesson short-term, experimental study and found no effect of an
online SNAP-Ed intervention on fruit or vegetable intake (42).
In addition to focusing on fruits and vegetables, a short-term prospective pre-posttest
study conducted during 2001-2002 determined increases in fruit, vegetable, and dairy intake in
addition to decreases in “other, non-nutritious” foods after participants received one in-person
SNAP-Ed lesson and the lesson materials for five lessons in the mail or 4-6 hours of in-person
nutrition education (40). The 2006 experimental study focused on folate intake and found an
increased intake of folate-rich foods and sources by non-pregnant women of child-bearing age in
the intervention group after receiving one 2.5 hour FSNE lesson on folate compared to a control
group (38).
Overall, the existing research suggest that direct SNAP-Ed may have a positive and
meaningful impact in regard to few dietary components, attitudes, self-efficacy, intentions, and
behaviors toward increasing intake of fruits and vegetables. Reported increases in intake of fruits,
vegetables, dairy, and folate-rich foods and sources, and decreases of “other, non-nutritious” foods
represent actual change in dietary intake but the strength of this evidence is limited by the study
designs. Despite the number of studies evaluating dietary outcomes and several positive results,
the evidence provides a weak basis for SNAP-Ed effectiveness due to the lack of randomized,
controlled, and longitudinal trials. All studies were short-term and most used pre-posttest designs
with no control group. The impact of direct SNAP-Ed to increase several important dietary
outcomes has not been assessed including whole grains, legumes, fiber, calcium, and healthy
sources of fats, or reduced intake of sweetened beverages and unhealthy fats, and reading nutrition
facts labels (51). Currently, there is no evidence on the effect of SNAP-Ed on overall diet quality.
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The observed improvements in the few dietary components assessed may actually be negatively
compensated for by behaviors that counterbalance positive improvements in overall diet quality.
Without further investigation, the impact of direct SNAP-Ed on intake of the breadth of dietary
components of concern, dietary behaviors, and overall diet quality remains unknown, and
alternative causes outside of SNAP-Ed for the positive results demonstrated by these studies
cannot be ruled out.

1.5
1.5.1

Discussion
Study Design

The study design is a major factor in the strength of the evidence provided to demonstrate the
impact of SNAP-Ed on diet quality and food security. The highest quality study designs where
the SNAP-Ed intervention was the only variable manipulated by researchers between the
treatment and control groups included two experimental studies with dietary outcomes (38,42)
and two with food security outcomes (33,37). Thus, the change in outcome is attributed to the
intervention, but also may be due to factors that made control participants different. For
example, participants might have been designated to the intervention group because they did not
want to wait to receive the intervention. Randomization provides the strongest evidence for
causality because participants are not assigned to the control or intervention group based on any
characteristic or situation removing this potential difference as a cause for the behavior change.
The participants in the experimental food security studies were not completely randomized
according to the most common random sampling methods, but the randomization procedures
were clearly reported (33,37) along with inactive control groups (33,37). One study with dietary
outcomes randomized recruitment sites (38) and implemented an active control group. The
second study with dietary outcomes did not describe the randomization procedure other than
being fully randomized (42) and determination of whether the control group was active or
inactive was not possible because the control group website was not described. Despite
incomplete reporting of details on the assignment of treatment groups, use of randomization in
these studies provides stronger evidence compared to non-randomization as in the three quasiexperimental studies with dietary outcomes (36,39,41).
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Although the quasi-experimental studies (36,39,41) included a control or comparison
group, the lack of randomization means that internal validity is threatened and the results cannot
be attributed solely to the SNAP-Ed intervention. Differences in characteristics between the
treatment groups that may potentially confound the results are generally evenly distributed with
randomization but may also be accounted for and controlled for in analysis. Weaker evidence is
provided by nonrandomized control, comparison, or delayed intervention groups in quasiexperimental study designs. Documentation of the randomization protocol, details on whether
the control or comparison group received education during or after the study, and results of the
comparison of study groups is critical for a study to be identified as having a strong study design.
For example, in one study the treatment groups were non-randomly assigned at a single
assessment time point based on the number of lessons participants received before the
assessment (36). These potentially biased study design characteristics limit the strength of the
study’s positive findings (36).
A retrospective post-then-pre-test study design used in one of the studies (35) may
reduce response-shift bias; however, recall, subject, and response biases remain. Although a
retrospective post-then-pre-test study design (35) increases the likelihood of complete responses
from all participants compared to a prospective pre-then-post-test design (34,40,52), the former
lacks important information on participants who dropped out of the program. Therefore,
determination of how program non-completers differ from completers is missing in addition to
information that could be used to tailor program to those at risk of non-completion and who may
benefit most from SNAP-Ed. Administering a pretest immediately before and posttest after each
lesson is one method to reduce influence of recall bias compared to delivering a series of lessons
and then administering the assessment where participants may not remember their behaviors and
dietary intake before the lessons began.
The length of study and follow-up periods is another important study design feature to
document. All prospective studies, except one (37), were short-term (33,34,41,42). A
longitudinal follow-up allows determination of change and continuation of impact over time. For
example, in the single longitudinal study represented, a significant impact on food security was
only detected at the 1 year follow-up with no impact detected over the short-term assessment
(37). If only a short-term follow-up period was included, the results would have indicated a null
impact of SNAP-Ed on food security. These findings support the use of a follow-up period of at
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least 1 year. An overall strength in study designs was that the period participants were asked to
reflect upon in the assessments matched the study periods. This is especially important in
longitudinal studies to ensure temporality, where results reflect the intervention and not some
other external influence not measured in the study. Temporality is necessary to determine that
changes in outcomes are due to the SNAP-Ed intervention; the exposure must predate the
outcome and assessments should match the study and follow-up periods (53).
1.5.2

Health Behavior Change Theories

The inclusion of health behavior change theories, models, and frameworks in designing and
evaluating SNAP-Ed programs provides a guide to improving and measuring food security and
diet quality outcomes. Each study reported that the direct SNAP-Ed program evaluated was
informed with a health behavior change framework and included the most common theory that
forms the basis of nutrition education programs, the Social Cognitive Theory (33,34,37), along
with a variety of others (Table 1). One example of a multi-level intervention implemented direct
SNAP-Ed at the individual level through nutrition education lessons and concurrently in the
community setting of farmers’ markets (36). The goal of multi-level SNAP-Ed interventions is
to reinforce concepts and skills learned through direct SNAP-Ed on the individual level;
however, analysis of the contribution from the level of settings, sectors, and social/cultural norms
levels on change in participants’ diet quality or food security is missing from the evaluations.
The influence of multi-level SNAP-Ed interventions on the impact of individual-level direct
SNAP-Ed on improving diet quality and food security remains unknown.
1.5.3

Intervention

SNAP-Ed interventions of included studies differed by dose or exposure, method of delivery,
and content. Studies measured the dose of exposure in terms of number of lessons and defined
the intervention as one or two or more classes (36); two select lessons (Menu Planning &
Shopping and MyPlate) (35); or four or five core lessons (33,34,37) that best reflected the DGAs
(35) and covered the USDA key behavioral outcomes. The variability in the interventions across
the studies may be considered as both a strength and weakness to determining the effectiveness
of SNAP-Ed. On one hand, variety across interventions allows for building a broad evidence
base and allows states flexibility to choose an intervention that best serves the population. On
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the other hand, a large number of different interventions may also result in fewer evaluations per
intervention and weaker overall evidence of program effectiveness as a whole. This latter
situation characterizes the current state of the science regarding the determination of SNAP-Ed
to improve food security and diet quality.
1.5.4

Outcomes and Measurement

Surveys were the main measurement tool used to assess dietary and food security outcomes. In
one study researchers created their own survey questions (35), others implemented existing
survey instruments or adapted questions from existing surveys (33,34,37–42), or used a
combination (36). Adapting questions from other surveys is beneficial especially if those
questions have already been tested for reliability and validity in similar study populations, but
adaptation may result in the loss of reliability and validity from previous testing. Developing
new survey questions could advance the field by contributing measures using the most up-to-date
information. Townsend systematically described the stages for developing and implementing
credible survey tools with validity, reliability, and sensitivity (44); however, a lack of the
consistent use of validated and reliable measurement instruments persists and contributes to the
current weak evidence of the effectiveness of SNAP-Ed to improve dietary intake and quality.
The use of validated and reliable surveys to measure or classify food security in the studies
contributes a strength.
Food Security: The three studies reviewed with food security outcomes (33,34,37) agreed on the
definition of food security (4,33,34,37), hypothesized a similar mechanism of how SNAP-Ed
may improve the food security of participants, used validated and reliable surveys, but varied in
the quantification and classification of food security. The experimental studies quantified food
security using the USDA U.S. Household Food Security Scale and classified food security status
based on the methods detailed by the USDA ERS Guide to Measuring Household Food Security
(33,37,54); the long-term study administered the 18-item survey with a 12 month and a 30 day
reference period (37), and the short-term study used the 6-item survey with a 30 day reference
period (33). Since the 18-item survey queries similar concepts as the 6-item, the results from
these studies are comparable on the household level (33,37) and align with the definition of food
security which includes everyone in the household. Classifying food security outcomes using the
USDA ERS procedures aligns SNAP-Ed evaluation with national standards, allowing for
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comparisons of results not only across SNAP-Ed studies, but also across studies in other U.S.
populations using the same measure and outcome.
The third food security outcome study is not comparable to the two experimental studies
previously described because food security status was classified based on one question (34).
Justification was provided by citing another study that had also measured food security using the
same question (55), but validation of this question as an indicator of food security as defined by
the USDA ERS is not known. In addition, the food security classification (i.e. full, marginal,
low, or very low food security) and indication of household or adult food security is not specified
by this 1-item measure. The authors were forthcoming in noting this situation as a limitation in
their discussion; however, the conclusion that the SNAP-Ed intervention in the study improved
food security is tempered by these limitations. Use of any of the U.S. food security survey
modules would provide comparatively stronger evidence to the effectiveness of SNAP-Ed to
improve food security.
In addition to the classification of food security status, it is important to be able capture
information on movement between any of the classifications before and after the SNAP-Ed
intervention because of the health-related outcomes associated with each of the 4 classifications
(56). Chi-square tests in the experimental food security outcome studies revealed positive
improvement in the intervention compared to the control groups; the overall improvement due to
the SNAP-Ed intervention is affirmed by linear regression models using the raw food security
score as the dependent outcome variable (33,37). A limitation of the 6-item survey is an inability
to distinguish between full or marginal food security classifications, resulting in only 3 food
security classes by combining the full and marginal food secure classes into one (33). The longterm experimental study retained the two food secure classes but combined the low and very low
food insecure categories into one food insecure class (37). The study population prevalence
among all four food security classifications was not presented in any of the studies and would
have added novel descriptive information on the prevalence of the SNAP-Ed eligible population
in each of the four food security classes to inform future studies.
Determination of the specific level of food security status where SNAP-Ed is most
impactful was not a goal of any of the studies. Participants with higher food security may be
able to improve their food security more easily compared with participants with lower food
security. Wider score ranges comprise food insecurity compared to a narrow score range for
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food security. Constructs that group participants into lower food security increase in severity,
constrained resources, and difficulty to overcome. Alternatively, participants with higher food
security may not have as much room to improve their food security compared with participants
with lower food security; therefore, the level of food security where SNAP-Ed interventions are
most effective is currently unknown and remains an important opportunity for future research.
Diet: Increased nutrition knowledge, attitude, and intent to change behaviors are internal
determinants that may precede dietary behavior change, but they are not directly representative
of actual improvements in dietary intake. Thus, these indicators do not demonstrate
effectiveness of diet quality improvement by direct SNAP-Ed. Observation of change in these
internal determinants of behavior may be easier to query with surveys using Likert scales
(35,36,39–42) and easier to change in a short-term period compared with dietary behavior
change. Limitations with using such scales include the inability to define the relationship
between the categories, whether response categories are ordinal or nominal, and whether labels
introduce social desirability bias (57). In an attempt to address issues characteristic of Likert
scales, a dichotomous variable was created and reported in two studies (39,41) instead of an
average score (35,36). This dichotomous variable presented a clear determination that
participants did not engage in a targeted behavior and did not improve targeted behaviors over
time due the SNAP-Ed intervention.
Barriers to Quantifying Dietary Intake. Measures to quantify dietary intake pose challenges to
evaluation; however, they provide a quantitative representation of diet quality compared with
describing change in internal determinants of behavior. Assessment of self-reported intake of
foods is one practical and direct method to quantify changes in diet quality due to a SNAP-Ed
intervention. The difficulty in effectively measuring self-reported intake due to measurement
error may be one explanation as to why so few studies quantify dietary intake of SNAP-Ed
participants even though the goal of SNAP-Ed is to improve diet quality. Measurement error is
the difference between the self-reported (observed) value and the true value and may be
influenced by both random and systematic error. Statistical methods exist to reduce dietary
measurement error, yet these methods have not been applied to SNAP-Ed evaluation.
Alternative dietary measurement methods are also subject to error (58) and difficult and costly to
implement in community intervention evaluations. Dietary recovery biomarkers are limited to
energy, protein, sodium, and potassium in weight stable individuals (59). Other nutritional status
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biomarkers are homeostatically regulated and not reflective of specific information as to the
dietary source, food groups, or types and amounts of foods consumed (58). SNAP-Ed focuses on
consumption of foods and food groups and less on specific nutrients, therefore a measurement
tool capable of providing this important information is consistent with the SNAP-Ed content.
The estimation of usual dietary intake is the most useful outcome to determine how
SNAP-Ed may impact behaviors over time, not just one day or as a snapshot. Although dietary
intake can be collected using food records, food frequency questionnaires, and 24-hour dietary
recalls, each method has unique biases and characteristics that complement certain study designs
and are more amenable to certain populations (60). Two 24-hour dietary recalls are sufficient to
estimate the mean usual intake for the study sample before and after the intervention (60).
Compared to survey questions used in most of the studies and with the more time consuming and
computationally burdensome food frequency questionnaire, 24-hour dietary recalls provide a less
biased, lower burden, and more detailed method to determine changes in dietary intake. A
shorter survey, such as a food intake screener (61,62), may be easier to implement (60,63,64) but
the ability to estimate usual dietary intake is lost (60).
Advancements in technology enhance the affordable and convenient facilitation and
estimation of usual dietary intake (64). When completed on a computer, the Automated SelfAdministered 24-hour dietary recall assists portion size estimation with built-in visual aids (64).
Utilizing similar strategies described in some studies (36,41) such as providing visual aids to
guide accurate portion size estimation can reduce attenuation or exaggeration of observed change
in dietary outcomes common in prospective pre-post-test study designs. An example of this
response shift bias is an improved ability to identify whole grains or estimate portion sizes after
having received nutrition education compared with baseline assessments. Estimating dietary
intake using a retrospective post-then pre-test study design (35) is especially susceptible to social
desirability and recall bias that may not be improved using visual aids.
Other barriers to implementing measurement of dietary intake include the burden on
participants, researchers, and program staff. Erroneous reporting may be related to low literacy
and is associated with participant characteristics that may more prevalently impact the population
receiving direct SNAP-Ed compared with the general population such as being overweight (65),
of female gender (65,66), or having a desire to please or impress the nutrition educators (67).
Determination of the true effect of direct SNAP-Ed on dietary intake requires minimization of
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these potential biases and a dietary assessment that will not require a high reading level or
include a computational demand on participants.
1.5.5

Analysis

Overall the methods of statistical analysis were appropriate for the study designs, but
justification for specific statistical methods could have been explained in more detail to improve
transparency. One study used a Wilcoxon signed rank test with a Bonferroni correction for
multiple comparisons and paired t-test (35). Several evaluations used general or mixed linear or
logistic regression modeling depending on the type of outcome variable and controlled for
factors that may have influenced the change in outcome such as demographics (33,37,39,41,42).
When general linear regression models are used for pre-post intervention analysis, controlling for
the baseline outcome measure is important because the change in outcome post-intervention is
correlated with the baseline status (33,38). For example, a participant who reports consuming
half a cup of fruit per day has greater potential to significantly increase fruit intake compared to a
participant who reports consuming four cups of fruit per day. Controlling for baseline
consumption allows for comparison of participants with differential levels for fruit consumption
increase.
Potential bias due to attrition and the representativeness of the sample compared to the
general SNAP-Ed participant population were rarely described and pose threats to external
validity. Attrition presents the issue of participants who finish the study being different from the
recruited sample and different from the population of program participants. Only one study
reported the differences between participants who completed and those that dropped out of the
study (37), and another study reported the sample was similar in race/ethnicity to the counties
where participants were recruited (34). There may be characteristics more common to the target
audience that influence some participants to complete the program and others to drop-out. For
example, in the long-term food security outcome study, participants who were younger, not
married, from smaller households were more likely to drop-out of the study (37). Consideration
of participant characteristics is important information to determine who the program is impacting
and provide insight for whom the program is not effective. In addition, this was also the only
study to compare characteristics of the study sample to the population participating in the
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program across the state to ensure that results would be generalizable to the state SNAP-Ed
population (37).
A diverse study sample is also important for external validity of SNAP-Ed; however,
potentially influential participant characteristics on dietary and food security outcomes reported
in the studies include ethnicity (38), age, food assistance program participation (34,37,38),
household size (37), and employment status (33). The sample populations recruited from Utah
(35) and Indiana (33,37) were not racially diverse except for some participants identifying as
Hispanic or Latino ethnicity with the majority of participants identifying their race as White.
The California study populations ranged from 42-65% Hispanic (34,38,40). The most racially
and ethnically diverse sample populations were recruited from farmers’ markets in New York
City (36). Two studies did not report the demographics of the sample populations other than age
and sampling from Michigan (41) and Pennsylvania (42). The senior SNAP-Ed sample included
some diversity with 31% of participants identifying race other than White, represented both
sexes, and were age 60-80 years (39,41). The other sample populations were predominately
adults under age 60 years (33–38) and female. One other study did not report age (40).
Interpreting the results and determining whether the assessment tools and outcomes were
appropriate is difficult without a detailed description of the study population.
An additional study bias was the recruitment of small sample sizes. High attrition rates
are common in community nutrition intervention studies, especially long-term studies, thus a
small baseline sample size may result in a lack of power, or limit the ability to detect statistically
significant differences between groups or changes over time. Appropriate sample size estimates
based on previous studies of similar relationships are critical to determining a difference in the
quantified outcomes; therefore estimates from the studies that mentioned the use of power
calculations to determine sample size (35,37,39,41,42) can be used to inform the sample sizes of
future studies.

1.6

Implications and Future Directions

The three studies comprising the scientific literature on the impact of SNAP-Ed to improve food
security included study designs that reduce bias, consistent positive results across studies, and
provide a strong foundational evidence base for future studies to build upon (33,34,37).
Although a greater number of studies with nutrition-related outcomes were reviewed, limitations
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within and across the studies contribute to a weak body of scientific literature on the
effectiveness of SNAP-Ed to improve diet quality. In addition, an inability to attribute
improvements in nutrition-related outcomes to the SNAP-Ed intervention was an issue in all but
one evaluation (41,42), coupled with no improvement in an experimental study (42).
Standardization of measures and outcomes will allow for more consistent comparisons and the
aggregation of outcomes in a meta-analysis to build stronger evidence across a variety of SNAPEd interventions, diverse populations, and different study designs.
Inclusion of a control or comparison group, randomization, and long-term study periods
of at least 1 year are additional critical components of high quality studies to provide a strong
basis for attributing changes in food security and diet quality to SNAP-Ed interventions.
Intervention details, study design, outcome measures, and method of data analysis in the studies
directly relate to the quality and rigor of the study and the presence of bias in results. Funding
specifically for longitudinal randomized, controlled, rigorous impact evaluations is necessary.
The mechanisms and magnitude of how direct nutrition education through SNAP-Ed
works to improve food security or diet quality are currently not fully known. In future research,
evaluations combining food security survey modules with dietary assessment methods may lead
to better understand the impact of direct SNAP-Ed on internal constructs of nutrition-related
behavior change, actual behavior change, and the outcomes of food security and diet quality.

1.7

Conclusion

Direct education through SNAP-Ed is a promising and potentially cost-effective nutrition
intervention with benefits beyond improving the food security and diet quality of individual
participants because of the potential to influence long-term healthy nutrition-related behaviors of
entire households and communities. With the recent focus on interventions to target the policy,
systems, and environmental sectors of the SEM, SNAP-Ed may potentially further its impact by
ensuring that various levels of the SEM reinforce direct nutrition education to support resources
that may be accessible by all community members, including those that do not qualify or
participate in the nutrition assistance safety net. SNAP-Ed provides jobs across each state in
both rural and urban areas, fosters community development and partnerships, and equips
individuals and families with sustainable knowledge to improve diet and health. Yet, these
impacts must be scientifically evaluated rather than assumed. SNAP-Ed is an important
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component of the federal food safety net, but requires the political support, research attention,
and funding necessary to scientifically determine the program’s impact on the food security and
diet quality of participants.
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Table 1-1 Summary of studies evaluating the outcome or impact of SNAP-Ed direct nutrition
education on food security and diet quality in adult participants.
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Table 1-1 continued
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Figure 1-1 Food insecurity impacts dietary intake and health outcomes.
Food insecurity is associated with decreased intake of certain food groups, resulting in decreased
intake of important nutrients, and causes poor health outcomes, which in turn perpetuates food
insecurity. Additionally, food insecurity directly impacts any construct on this cycle.
Supplemental Nutrition Assistance Program-Education (SNAP-Ed) may be an important
component of the multi-faceted approach needed to reduce food insecurity and improve nutrition
and health outcomes.

1.10 Research Aims and Hypotheses
Aim 1: Determine the short-term and long-term effects of a SNAP-Ed intervention on the food
security status of the household and household adults and children of SNAP-eligible participants
in Indiana.
Hypothesis 1: The food security status of the household and among household adults and
children will improve in the short-term, from baseline to immediately after the 4-10 week SNAPEd intervention, and in the long-term, from baseline to 1 year after the intervention period,
among participants in the intervention group compared with those in the control group.
Aim 2: Determine the short-term and long-term effects of a SNAP-Ed intervention on the dietary
intake of SNAP eligible participants in Indiana.
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Hypothesis 2: Dietary intake will improve in accordance with the 2010 Dietary Guidelines for
Americans in the short-term, from baseline to immediately after the 4-10 week SNAP-Ed
intervention, and in the long-term, from baseline to 1 year after the intervention period, among
participants in the intervention group compared with those in the control group.
Aim 3: Determine which SNAP-Ed program characteristics are associated with short-term and
long-term differences in household food security status and dietary intake among a sample of
SNAP eligible participants in Indiana.
Hypothesis 3: Household food security status and dietary intake will improve in accordance
with the 2010 Dietary Guidelines for Americans in the short-term, immediately after the 4-10
week SNAP-Ed intervention, and in the long-term, 1 year after the intervention period, in a doseresponsive way with the number of lessons received, and individual lesson delivery will improve
outcomes more than group lesson delivery among participants in the intervention group
compared with those in the control group.

1.11 Research Objectives
Aim 1 Objectives:
1. To determine an estimate of baseline food security status of the household and among
household adults and children and dietary intake, participant characteristics, household
characteristics, and participation in food assistance programs for a sample of Indiana
SNAP-eligible participants and compare differences between participants recruited to the
intervention group with participants recruited to the control group.
2. To determine short-term differences in food security status of the household and
household adults and children between baseline assessment and immediately after the 410 week SNAP-Ed intervention among SNAP-eligible participants receiving the SNAPEd intervention and a control group who did not receive the intervention.
3. To determine long-term differences in food security status of the household and
household adults and children from baseline and after the 1 year intervention period
among SNAP eligible participants receiving the SNAP-Ed intervention and a control
group who did not receive the intervention.
a. To determine whether differences in food security status of the household and
household adults and children for short-term and long-term comparisons vary by
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status or change in participant characteristics, household characteristics, and
participation in food assistance programs immediately after the 4-10 week SNAPEd intervention and 1 year after the intervention period among SNAP-eligible
participants receiving the SNAP-Ed intervention and a control group who did not
receive the intervention.
Aim 2 Objectives:
1. To determine an estimate of baseline dietary intake, participant characteristics, household
characteristics, and participation in food assistance programs for a sample of Indiana
SNAP-eligible participants and compare differences between participants recruited to the
intervention group with participants recruited to the control group.
2. To determine short-term differences in dietary intake between baseline assessment and
immediately after the 4-10 week SNAP-Ed intervention among SNAP-eligible
participants receiving the SNAP-Ed intervention and a control group who did not receive
the intervention.
3. To determine long-term differences in dietary intake from baseline and 1 year after the
intervention period among SNAP-eligible participants receiving the SNAP-Ed
intervention and a control group who did not receive the intervention.
a. To determine whether differences in dietary intake for short-term or long-term
comparisons vary by status or change participant characteristics, household
characteristics, and participation in food assistance programs immediately after
the 4-10 week SNAP-Ed intervention and 1 year after the intervention period
among SNAP-eligible participants receiving the SNAP-Ed intervention and a
control group who did not receive the intervention.
Aim 3 Objectives:
1. To determine whether the number of lessons received is associated with differences in
household food security status and dietary intake from baseline to immediately after the
4-10 week SNAP-Ed intervention and from baseline to 1 year after the intervention
period among SNAP-eligible participants receiving the SNAP-Ed intervention and a
control group who did not receive an intervention.
2. To determine whether lesson delivery type (individual vs. group setting) is associated
with changes in household food security status and dietary intake in the short-term,
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immediately after the 4-10 week SNAP-Ed intervention, and long-term, 1 year after the
intervention period, among participants in the intervention group compared with those in
the control group.

1.12 Organization of Dissertation
This dissertation is organized by chapters consisting of manuscripts that have been
published in, submitted, or prepared for submission to peer-reviewed journals. A table below
serves to guide the reader as to which chapters address the specific research aims and objectives
stated above in section 1.11. This first chapter provided the rationale for investigating the impact
of SNAP-Ed on food security and dietary outcomes, critically reviewed the existing scientific
literature, and stated the research aims and hypotheses. Chapter 2 addresses research aim 1 and
determines the long-term and short-term impact of SNAP-Ed on food security outcomes using a
longitudinal randomized and controlled nutrition education intervention study design. Chapter 3
describes the influence of SNAP-Ed program and participant characteristics on improvements in
household food security after the intervention and addresses both objectives of research aim 3.
Due to no impact of SNAP-Ed on short-term or long-term dietary intake or quality (chapter 5),
objective 3a of research aim 2 and objectives 1 and 2 of research aim 3 were not able to be
addressed with regard to dietary outcomes. In lieu of this change in the course of fully examining
the effectiveness of SNAP-Ed to dietary outcomes, chapter 4 bridges the food security and
dietary outcomes investigated in this dissertation and further investigates the food security
findings in light of baseline dietary differences by testing the hypothesis that food security status
is associated with dietary outcomes among the SNAP-Ed-eligible population. Chapter 4 also
addresses research aim 2, objective 1 to characterize the baseline dietary outcomes of the study
population. Objectives 1 and 2 of research aim 2 are addressed in chapter 5 by an investigation
the impact of SNAP-Ed on long-term dietary intake and quality using a second randomized and
controlled nutrition education intervention study with a 1-year follow-up period. Long-term
SNAP-Ed impact on dietary intake and quality is featured in chapter five because of SNAP-Ed’s
focus to improve habitual dietary behaviors and the study outcomes of usual dietary intake
representing average daily intake over a long-term period. Assessment of short-term SNAP-Ed
impact on dietary outcomes is also described in chapter 5. Chapter 6 summarizes the findings
presented in this dissertation and provides suggestions for future research directions.
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Table 1-2 Guide to Chapters 2-5, Research Aims, and Objectives
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SNAP-ED INCREASES LONG-TERM FOOD SECURITY
AMONG INDIANA HOUSEHOLDS WITH CHILDREN IN A
RANDOMIZED, CONTROLLED STUDY

Rivera RL, Maulding, MK, Abbott AR, Craig BA, Eicher-Miller HA. SNAP-Ed increases longterm food security among Indiana households with children in a randomized, controlled study. J
Nutr 2016:165(11) 2375-2382.

This chapter was published as an original research article in The Journal of Nutrition and formatted
according to the journal requirements. American Society for Nutrition journals provide the right
for authors to include their own articles in their dissertation.

2.1

Abstract

Background: Food insecurity is negatively associated with US children’s dietary intake and
health. The Supplemental Nutrition Assistance Program-Education (SNAP-Ed) aims to alleviate
food insecurity by offering nutrition, budgeting, and healthy lifestyle education to low-income
individuals and families.
Objective: The objective of this study was to evaluate the long-term impact of the Indiana
SNAP-Ed on food security among households with children.
Methods: A randomized, controlled parallel study design with SNAP-Ed as an intervention was
carried out during a 4-10 week intervention period. Intervention group participants received the
first 4 Indiana SNAP-Ed curriculum lessons. Study participants (n=575) were adults ≥ 18 years
from low-income Indiana households with ≥ 1 child living in the household. Both treatment
groups completed an assessment before and after the intervention period and 1 year after
recruitment. The 18-item US Household Food Security Survey Module was used to classify the
primary outcomes of food security for the household and adults and children in the household. A
linear mixed model was used to compare intervention with control group effects over time on
food security. Results were considered significant at P≤0.05.
Results: The mean ± SEM change in household food security score from baseline to 1 year
follow-up was 1.2±0.4 (P<0.01) units lower in the intervention compared to the control group.
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The mean ± SEM change in food security score among household adults from baseline to 1 year
follow-up was 0.9±0.3 (P<0.01) units lower in the intervention compared to the control group.
The mean change in food security score from baseline to 1 year follow-up among household
children was not significantly different in the intervention compared to the control group.
Conclusions: SNAP-Ed improved food security over a longitudinal time frame among lowincome Indiana households with children in this study. SNAP-Ed may be a successful
intervention to improve food security.

2.2

Introduction
Food insecurity is a prevalent public health concern for households with children in the

United States (US). During 2013, 19.5 percent of all US households with children experienced
food insecurity at some time during the year (1). In addition to negative psychological and
behavioral outcomes (2-5), food insecurity is associated with health (6-8) and dietary disparities
(8-12) among children, who may be at heightened susceptibility to adverse and potentially
lifelong nutrition and health consequences due to their rapid growth and development.
Households with children (1) may sustain more individuals with less earning capacity and are
particularly vulnerable to food insecurity compared with households without children.
Substantial federal, state, and private resources are spent annually on programs and interventions
to alleviate food insecurity (13).
The Supplemental Nutrition Assistance Program-Education (SNAP-Ed) is the educational
component to the Supplemental Nutrition Assistance Program (SNAP) (14) and aims to help
SNAP-eligible households and SNAP participants make healthy choices on a limited budget in
accordance with the current Dietary Guidelines for Americans (15, 16). The growing burden of
food insecurity in the US presents challenges to improve the accountability of programs directed
to improve food security. In addition, shrinking government resources and economic recession
add pressure to provide stronger evidence, through high quality research design and
methodology, of the impact of nutrition education and assistance programs. Nutrition education
programs such as SNAP-Ed and nutrition assistance programs such as SNAP share a need for
more rigorous evaluation and share the constraints to randomization that are posed by selfselection to program participation (noted in (17-21)), but the ethical concerns of withholding
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financial and food resources using a randomized controlled design are not present for SNAP-Ed
compared with SNAP. Despite the absence of this barrier, few studies assessing the effect of
SNAP-Ed on food security have been completed (22-24), and only one has quantified the effect
using a randomized and controlled study design (23). The study determined a short-term
improvement in household food security among an intervention group compared with a control
group immediately after the experimental group received an intervention of 5 SNAP-Ed lessons
(23). Yet, there remains a critical need to determine if gains in food security following SNAPEd can be sustained in the long-term and whether households with children are differentially
affected. The objective of this study was to evaluate the long-term effects of SNAP-Ed on the
food security of the entire household and household adults and children among SNAP-eligible
households with children in Indiana.

2.3
2.3.1

Methods
Study participants and recruitment.
County-level Indiana SNAP-Ed nutrition education para-professionals, directed by the

Purdue University Health and Human Sciences Cooperative Extension, recruited study
participants following established SNAP-Ed procedures. Participants included the usual SNAPEd, or SNAP-eligible, population, except that only households with children were recruited.
Additionally, participants must not have received SNAP-Ed lessons in the past year and must
have been ≥ 18 years, Indiana residents living in households with at least 1 child < 18 years,
willing to complete a survey at all three assessment time points, willing to stay in touch with
para-professionals for the duration of the study, and willing to wait 1 year to receive SNAP-Ed
lessons. Eligible participants were screened using a questionnaire prior to enrollment in the
study. The Human Subjects Committee of the Purdue University Institutional Review Board
approved all study protocols prior to beginning study activities. All participants provided signed
written consent following recruitment. Participants were compensated with grocery store gift
cards. Sample size calculations were based on a previous study (23), and at baseline 575
participants were recruited (Figure 1). Participants assigned to the intervention group were not
included in the post-intervention and 1 year follow-up assessments or analysis when < 4 of the
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required SNAP-Ed lessons (n=1) were completed, when children were not living in the
household at ≥ 1 assessment, and when study protocol was not followed (n=17).
2.3.2

Study design and randomization.
Forty-one SNAP-Ed para-professionals from 38 counties throughout Indiana assisted

with the study and attended study training prior to participant recruitment that included
instruction on research facilitation techniques such as recruitment, randomization, survey
administration, documentation of participants, and instruction on how to answer participant
questions so as to avoid biasing responses. SNAP-Ed para-professionals were constantly
monitored by supervisors and study investigators to ensure that the proper study protocol was
implemented.
The study design was a parallel arm nutrition education intervention with two treatment
groups: intervention and control. Participants were allocated to treatment groups with an
approximate 1:1 allocation ratio. A random number generator was used to assign paraprofessionals to allocate their first participant or group of participants to either the intervention or
control group. After the first recruited participant(s), para-professionals randomly assigned every
other participant or group of participants to the control or intervention group. Participants
recruited simultaneously were assigned to the same study group to prevent knowledge of a
difference in treatment. Participants randomized and recruited to the control group were
requested to wait 1 year to receive SNAP-Ed and were offered SNAP-Ed upon completion of the
study. All participants completed a baseline assessment at recruitment from September 2013 to
March 2014. Participants who adhered to study protocol and could be contacted completed a
post-intervention assessment 4 to 10 weeks after baseline from September 2013 to April 2014.
Participants who completed a post-intervention assessment, continued to adhere to study
protocol, and were able to be contacted completed a follow-up assessment 1 year after
recruitment from September 2014 to April 2015.
2.3.3

SNAP-Ed intervention.
The intervention group was required to complete at least the first 4 lessons of the Indiana

SNAP-Ed curriculum, aligning study goals with the SNAP-Ed Plan Guidance (25), of which
greatest priority lesson content is covered in the first 4 lessons (Supplemental Table 1). During
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the intervention period, SNAP-Ed lessons and assessments were delivered by para-professionals
either one-on-one in the participant’s home or in a group setting at a community location, such as
at a food pantry, school, or nutrition assistance program office or clinic, maintaining the normal
SNAP-Ed protocol.
2.3.4

Assessment and classification of food security status and participant and household
characteristics.
The 18-item United States Household Food Security Survey Module was used to quantify

the primary outcomes of food security of the household and household adults and children. In
accordance with the direction provided in the USDA Guide to Measuring Household Food
Security (26, 27), a survey reference period of 12 months was used for baseline and 1 year
follow-up to quantify long-term changes in food security. A 30 day survey reference period was
used for the post-intervention assessment in order to quantify short-term food security during the
month immediately before the end of the intervention period but not overlapping with the
baseline assessment period. Post-intervention assessment was completed in order to allow
comparison of results with other studies assessing food security over a short-term period.
Unanswered items in the United States Household Food Security Survey Module were
assigned values using previously described imputation methods (26). Classification of food
security status for the household and household adults and children were derived from responses
to the 18, 10, or 8 respective United States Household Food Security Survey Module items (26,
28). Food security scores were assigned based on the summation of the count (0,1) of affirmed
items. Participants classified into the two most severe food insecurity categories were combined
into one food insecure category because of the low prevalence of participants in each of these
categories. An independent variable classifying treatment group was structured as a simple
categorical variable with 2 levels: control group (0 lessons) or intervention group (4 to 10
lessons). Other covariates included were: sex, age in years, marital status, race, household
education, household poverty status, household employment, number of people in the household,
participation in food assistance programs, frequency of food pantry use, and number of SNAPEd lessons.
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2.3.5

Statistical methods.
A linear mixed model with intervention and time as fixed factors was selected as the most

appropriate model to determine differences among treatment groups across the three time points.
Various covariance structures were compared using the AIC model selection criterion. The
unstructured covariance model that varied across treatment groups was determined to be the
most appropriate. Model assumptions were checked by plotting predicted means against
residuals, Q-Q plots, and histograms. Although residuals were not normally distributed for food
security score, analysis based on a variance-stabilizing transformation (scaled arcsine square
root) gave similar results.
The final best fitting model accommodated the fixed variables of treatment group and
time (modeled as baseline, post-intervention, and 1 year follow-up) and their interaction. The
main dependent variable was food security score. Potential confounders that were distributed
significantly differently among treatment groups in the baseline chi-square and t-tests were
included as covariates in the model. The difference of differences was determined by comparing
changes in food security score from baseline to 1 year follow-up in the intervention group with
changes in food security score over a similar time frame in the control group. Results were
considered significant when P ≤ 0.05, and all statistical analyses were performed using SAS
version 9.4 (SAS Institute).
Results All data are expressed as means ± SEMs unless otherwise indicated. Nearly 40
percent of participant households were classified as food insecure at baseline, indicating reduced
dietary quality, variety, desirability and, for some participants, a reduction in the amount of food.
Food security status was not significantly differently distributed between the intervention and
control groups at baseline or at 1 year follow-up with the exception of household food security at
1 year follow-up, indicating a difference due to treatment groups (Table 1). Significant baseline
differences were observed among control and intervention groups for household employment
and household food assistance programs (Table 2). The number of people living in the
household and the frequency of household food pantry use significantly changed among
participants from baseline to post-intervention (data not shown).
Mean food security score significantly decreased between baseline and 1 year follow-up
among intervention group households (P < 0.01) and household adults (P < 0.01) compared to
the control group (Supplemental Table 2). Long-term food security score among household
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children did not significantly differ in the intervention compared with control group (P = 0.07)
(Supplemental Table 2). The primary research question of this study focused on the comparison
of the changes in long-term food security in the intervention group compared with the control
group from baseline to 1 year follow-up. The mean household food security score in the
intervention group decreased approximately two fold (1.9 units ± 0.3) compared with the control
group (0.7 units ± 0.2) from baseline to 1 year follow-up (Table 3). The difference in mean food
security score from baseline to 1 year follow-up was 1.2 ± 0.4 units (P < 0.01) among the
household and 0.9±0.3 units (P < 0.01) among household adults in the intervention group
compared with the control group (Table 3).
The research question focused on the long-term outcome but the post-intervention
assessment was included as a checkpoint to investigate changes during the short-term interim
and quantified short-term changes in food security. Significant differences between the
intervention and control groups for the change in mean household and household adult and child
food security score were not detected from baseline to post-intervention assessment (Figure 2).
From post-intervention to 1 year follow-up, the intervention group maintained decreases in
household and household adult food security score while the control group did not.

2.4

Discussion
Household food security improved 25 percent over the 1 year study period among

Indiana households with children when a household adult received a SNAP-Ed intervention
compared to a control group. The impact of SNAP-Ed to sustain improvement in food security
among the entire household and household adults is remarkable considering that only one person
from each household received the intervention. Food insecurity is known to be intermittently
experienced over time; thus short-term analysis may not capture the full impact of a SNAP-Ed
intervention on food security. Study findings highlight the importance and feasibility of SNAPEd longitudinal evaluation. Sustained improvements in household food security in the
intervention group compared with the control group likely occurred because new nutrition and
budgeting knowledge acquired from SNAP-Ed were utilized when intervention group
participants experienced situations of reduced resources throughout the entire 1 year follow-up
period.
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SNAP-Ed may be an effective intervention to improve household and adult food security
among households with children because thrifty meal planning and food dollar budgeting skills
are incorporated into each SNAP-Ed lesson. The curriculum in the context of program delivery,
based on the social cognitive theory which includes interaction with SNAP-Ed paraprofessionals as a key component, may also be effective in helping participants significantly
improve food security through enhancing participant self-efficacy (29). A bias presented by the
study might have been the monthly contact that control group participants had with SNAP-Ed
para-professionals in order to prevent attrition. The effect of this contact, in addition to other
potential environmental factors, on the food security of control group participants is unclear but
might have contributed to the significantly improved mean household and household adult food
security score from baseline to 1 year follow-up among the control group (data not shown). This
improvement may also represent a difference in how true non-participants of SNAP-Ed
experience food security changes.
The long-term mean decrease in household and adult food security scores among
intervention group participants is sufficient for a participant to improve along the continuum of
food security and to be classified to the next food security category. These results support the
practical importance of SNAP-Ed and that the program is accomplishing its goal among Indiana
households with children who participate in SNAP-Ed. Although household child food security
did not improve significantly in this study, perhaps due to the low prevalence of food insecurity
among children, who are often protected from food insecurity even when adults in the household
are affected, unquantified benefits to household children may include reduced household stress
and lower risk of future food insecurity (30).
Both control and intervention group participants significantly improved household and
adult mean food security score from baseline to post-intervention assessment, and a significant
difference was not found between the two treatment groups at that midpoint. The postintervention assessment measured food security over a reference period covering the past 30
days whereas the baseline and 1 year follow-up assessments measured food security over a
reference period covering the past 12 months. Food security is not typically a chronic state over a
yearlong period. The prevalence of food insecurity over a 30 day period is much lower relative to
food insecurity over 12 month period (31). It is not known whether the improvement in food
security in the control group and possibly the intervention group participants at the post-

43
intervention assessment was due to this known difference in food security score over varying
reference periods, interaction with the SNAP-Ed para-professionals, or other factors that the
investigators did not measure. Results presented in this report focus on comparisons between
baseline and 1 year follow-up assessments because of the difference in the ability of the US
Household Food Security Survey Module to detect food security over 30 days and 12 months.
The characterization of nearly 40 percent of SNAP-Ed participant households as food
insecure exemplifies the need for effective programs in this low-resource population that reduce
food insecurity. The study sample was representative of the Indiana SNAP-Ed population based
on the characteristics quantified, with the exception of racial diversity. The general Indiana
SNAP-Ed population included more African American, Native American, and Asian participants
than were included in this study, likely because fewer metropolitan areas were included in study
recruitment compared to the actual program, resulting in reduced generalizability of study results
across races other than non-Hispanic white.
The success of the randomization to treatment groups was confirmed by comparing
characteristics between control and intervention groups. Presence of employment in the
household and household participation in food assistance programs were the only characteristics
found to differ between treatment groups and were controlled for in the analysis as covariates in
the regression models. Participants from households where no adults were employed may have
been more likely allocated to the intervention group due to self- selection bias on the basis that
they might have had more time to take lessons. Allocation to the control group and having to
wait 1 year to receive SNAP-Ed lessons may have delayed control group participants from
improving their food security during the study period; however, control group participants were
encouraged to participate in SNAP-Ed immediately after completing the study.
A potential limitation to the study was the high attrition rate of 43 percent. A greater
proportion of participants who completed the study compared to those who did not, were
married, above the Federal Poverty Guideline, and from larger households. Possible explanations
for these differences are that married participants may have had more support to complete
SNAP-Ed; participants living in poverty may not have had the resources, such as time or
transportation, to complete the study; and participants living in households with more people
may have found the most benefit to staying in the study if they were receiving lessons or know
that they would receive lessons at the end of the study. Thus, the final results may not apply as
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fully to the unmarried SNAP-Ed target population from smaller, impoverished households, and
these characteristics may be associated with the ability of participants to complete the 4 core
SNAP-Ed lessons.
The compensation participants received for completing the study assessments might have
contributed to an increase in the change in food security; however, this bias is unlikely due to the
small amount of money participants received at the baseline ($10) and post-intervention ($25)
assessments and lengthy duration of time between the post-intervention and follow-up
assessments (11-12 months). The follow-up assessment compensation ($35) would not have
impacted the results of the study because it was received after the final assessment. In addition to
study compensation, approximately two-thirds of study participants were receiving SNAP
benefits. Further investigation is needed to determine whether and to what extent participation in
SNAP or other financial assistance programs impacts the effect of SNAP-Ed on food security.
SNAP-Ed may be an economical means to improving food security, and gains in food
security suggest improved dietary intake. Inherently, nutrition and resource assistance programs,
such as SNAP, which offer food resources without education, require larger budgets to
supplement the food supply in the household (13). In 2014, the Indiana SNAP budget was
approximately $1.3 billion and served a monthly average of just under 900,000 low-income
individuals in contrast to the Indiana SNAP-Ed budget of $5,468,288 which reached more than
200,000 client contacts (32-35). Although research indicates that SNAP successfully improves
food security of participants (36, 37), it is unclear whether SNAP improves dietary quality (14,
38-41). A multi-faceted approach (i.e. food and financial assistance in addition to nutrition and
resource-management education) may be necessary to help low-income families reap all the
benefits of improved food security. The exploratory results of this study contribute to the
foundation of an evidence-based evaluation critical to informing legislators on program
effectiveness and assisting the USDA’s Food and Nutrition Service to improve food security
(42).
Nutrition and budgeting education provided through programs such as SNAP-Ed are an
important component to a multi-faceted approach, including food assistance and policy changes,
necessary to alleviate food insecurity in US households with children. Future research should
continue to utilize rigorous study designs to investigate the long-term impact of SNAP-Ed not
only on food security, but also on the additional outcome goals of SNAP-Ed, such as dietary
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intake and quality, physical activity, healthy lifestyles, and other health indicators, that may be
improved by participation in SNAP-Ed.
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Table 2-1 Unadjusted baseline and 1 year follow-up food security status among Indiana SNAPEd participant households with children1

1

Values are counts, percentages, and P-values from Chi-square comparisons of the distributions

among food security status between the control and intervention groups. Total numbers do not
always add to sample size due to missing values and percentages do not always add to 100 due to
rounding. *P≤0.05.
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Table 2-2 Sociodemographic characteristics by treatment group of Indiana SNAP-Ed participants
among households with children1

52
1

Values are counts, percentages, and P-values from Chi-square comparisons of the distributions

among sociodemographic characteristics between control and intervention group participants.
Abbreviations: GED, General Education Development; H.S., high school; WIC, Special
Supplemental Nutrition Program for Women, Infants, and Children; SNAP, Supplemental
Nutrition Assistance Program. Total numbers do not always add to sample size due to missing
values and percentages do not always add to 100 due to rounding. *P≤0.05.
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Table 2-3 Mean food security scores at baseline, 1 year follow-up, changes from baseline to 1
year follow-up, and difference in changes between treatment groups among Indiana SNAP-Ed
participant households with children1

1

Values are adjusted least squares means ± SEM unless otherwise indicated. *P≤0.05.

2

Values are the difference between baseline and 1 year follow-up adjusted least squares means ±

SEM.
3

Values are the difference in changes of adjusted least squares means ± SEM between treatment

groups from baseline to 1 year follow-up.
4

Model adjusted for household employment, household food assistance programs, and household

frequency of food pantry use.
5

Model adjusted for household employment, household food assistance programs, household

frequency of food pantry use, and number of people in household.
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Figure 2-1 Participant Flow Chart
Participant flow chart for loss to follow-up and assessment completion among Indiana SNAP-Ed
participant households with children during the study period September 2013 through March
2015.
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Figure 2-2 Household Food Security Score Interaction Plots of Treatment Group by Time
Interactions of treatment group and time shown by plots of adjusted least-squares means for
household food security score (A), household adult food security score (B), and household child
food security score (C) across baseline, postintervention, and 1-y follow-up assessments among
Indiana SNAP-Ed participant households with children during the study period September 2013
through March 2015. Interactions of treatment group and time shown by plots of adjusted leastsquares means for household food security score (D), household adult food security score (E),
and household child food security score (F) across baseline and 1-y follow-up assessments.
Baseline and 1-y follow-up assessments measured food security over the previous 12 mo,
whereas the post intervention assessment measured food security over the previous 30 d. Note
that changes in food security scores in all 6 plots (panels A–F) are exaggerated due to the
truncated vertical axis ranges and y≠0 at all 6 plot origins. SNAP-Ed, Supplemental Nutrition
Assistance Program–Education.
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Table 2-4 Supplemental Table 1 “Small Steps to Health” Indiana SNAP-Ed Curriculum Lessons
and Content1

1

Table adapted from: Maulding MK. Small Steps to Health Curriculum. Family Nutrition

Program, Purdue University Health and Human Sciences Cooperative Extension. Purdue
Cooperative Extension Service, 2013.
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Table 2-5 Supplemental Table 2 Long-term effects in intervention compared with control groups
on food security among Indiana SNAP-Ed participant households with children1

1

Mixed method linear regression type 3 tests of fixed effects, *P≤0.05.

2

Adjusted for household employment, household food assistance programs, and household

frequency of food pantry use.
3

Adjusted for household employment, household food assistance programs, household frequency

of food pantry use, and number of people in household.
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3.1

Abstract

Background: The Supplemental Nutrition Assistance Program-Education (SNAP-Ed) has been
shown to improve food security up to one year after receipt of the program. Little is known about
how SNAP-Ed interacts with participation in nutrition assistance programs or the relationship of
SNAP-Ed program characteristics to SNAP-Ed food security effectiveness.
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Objective: The objectives of this secondary data analysis were to determine the association of
participation in nutrition assistance programs and the association of SNAP-Ed program
characteristics with long-term change in food security among Indiana SNAP-Ed participants in
households with children.
Methods: Participant (n=328; ≥18 years) data were from a parallel-arm longitudinal randomized
and controlled nutrition education intervention trial conducted from August 2013 through April
2015 across 39 Indiana counties (registered at www.clinicaltrials.gov as NCT03436589). The
response variable was change in household food security score measured using the United States
Household Food Security Survey Module. Self-reported nutrition assistance program use,
specifically Supplemental Nutrition Assistance Program (SNAP), Special Supplemental
Nutrition Program for Women, Infants, and Children (WIC), and use of food pantries, were
investigated via mediation analysis and general linear regression modeling to determine
relationships with food security at baseline and 1-year follow-up assessments. Program
characteristics included the number of lessons, lesson delivery format, and variability of SNAPEd educator and were investigated as covariates using mixed linear regression modeling with
SNAP-Ed educator as a random effect and time, the number of lessons, and lesson delivery
format as fixed effects.
Results: Neither participation status in SNAP, WIC, food pantry use nor the number of lessons,
lesson delivery format, or variability between SNAP-Ed educators was associated with changes
in household food security over the 1-year study period.
Conclusions: SNAP-Ed effectively improved household food security among SNAP-eligible
Indiana households with children regardless of participation status in nutrition assistance
programs or varying program characteristics.
Keywords: nutrition education, food insecurity, low-income population, dietary assessment, diet
quality, SNAP, SNAP-Ed

3.2

Introduction
Low-income households face a high burden of food insecurity, poor nutrition, and

undesirable health outcomes (1–3). Several federal nutrition assistance programs aim to alleviate
food insecurity, a condition related to a lack of financial resources that disproportionately affects
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low-income populations across the United States (US) (4–6). The United States Department of
Agriculture (USDA) Food and Nutrition Service (FNS) administer programs such as the
Supplemental Nutrition Assistance Program (SNAP) and the Special Supplemental Nutrition
Program for Women, Infants, and Children (WIC), which provide financial benefits to purchase
foods and help individuals and families to supplement their nutritional needs. The Emergency
Food Assistance Program (TEFAP) provides foods to state agencies who partner with private
and local organizations to distribute these emergency foods through food banks and food pantries
where individuals in need may access the food at no cost (7). In addition to nutrition assistance
programs, the USDA FNS also supports nutrition education programs, such as the Supplemental
Nutrition Assistance Program-Education (SNAP-Ed), to provide education on budgeting and
resource management in low-income households to ultimately improve dietary intake and food
security (8,9). Because SNAP, WIC, TEFAP, and SNAP-Ed target a similar low-income
population, many individuals and households participate in more than one program at a time
(10). Most literature investigating program effectiveness has focused on singular program use
and has not considered the effect of simultaneous program participation (11). Knowledge of how
nutrition education programs work together with nutrition assistance programs to improve food
security is unknown and remains an important topic of research. Determination of program
synergy and influential program characteristics such as number of lessons, delivery format
(group or individual lessons), and SNAP-Ed educator could improve effectiveness, especially for
participants with certain characteristics.
Nutrition education programs like SNAP-Ed provide ideal environments for supporting and
integrating other programs’ strengths. The evidence that SNAP-Ed is a successful program to
improve food security is building (12–14), but the role that program characteristics and
participation in other nutrition assistance programs play on the outcome of household food
security remains a gap in research. To date, only one study has investigated SNAP participation
as a mediator of the effect of SNAP-Ed on change in food security (12). That study revealed that
SNAP-Ed participants who increased resource management skills from baseline to follow-up and
were receiving SNAP benefits reported the greatest improvement in food security (12).
Limitations of the study include a non-experimental study design, short-term study period, and
the use of only one question to measure food security status (12). Budget restrictions on food
assistance programs present a critical need to improve the scientific evidence for their
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effectiveness and to determine how SNAP-Ed works together with SNAP, WIC, and food
pantries to improve food security. Researchers have previously investigated few SNAP-Ed
program characteristics such as online compared to in-person lesson delivery (15) on the
outcomes of nutrition knowledge, intentions to change behavior, and self-efficacy. The
relationship of SNAP-Ed program characteristics, including number of lessons, group or
individual lesson format, and the educator delivering lessons, to SNAP-Ed improvement of
household food security is not known. The purpose of this study was to use a long-term study
design to fulfill the following research objectives:
1. Determine the effect of SNAP, WIC, and food pantry participation status and change
in participation status (observed) at baseline and 1-year follow-up, combined with
participation in SNAP-Ed or not (randomized) on the long-term change in household
food security among adult participants from Indiana households with children.
2. Determine whether the number of SNAP-Ed lessons received as an intervention was
associated with long-term change in household food security.
3. Determine whether the SNAP-Ed lesson delivery format was associated with long-term
change in household food security.
4. Determine the effect of the variability between SNAP-Ed educators on long-term
change in household food security.

3.3

Methods

Study population. For this secondary data analysis, all data were obtained from The Indiana
SNAP-Ed Long-term Study, a longitudinal parallel-arm randomized and controlled nutrition
education intervention trial conducted between August 2013 and April 2015. Study participants,
recruitment, randomization, study design, and the SNAP-Ed intervention have been described
elsewhere in detail (14). Briefly, forty-one county-level Indiana SNAP-Ed nutrition education
paraprofessionals (SNAP-Ed educators) recruited adult participants (n=575) from September
2013 to March 2014. The 1-year follow-up assessments were completed from September 2014
through April 2015. Only participants who completed both the baseline and 1-year follow-up
assessment were included in the analysis presented here (total n=328, control n=163,
intervention n=165). Participants included in the analysis represented the greater Indiana SNAP-
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Ed population except for racial diversity and reported similar characteristics as those who
withdrew from the trial except that study completers were more likely to be living with a partner
or married in larger households and reporting higher incomes (14). SNAP-Ed educators were
trained to determine participant study eligibility and randomly assigned participants to either the
non-active control or intervention group after which they delivered lessons to the intervention
group participants as per program protocol and facilitated all survey assessments. Eligible study
participants included Indiana residents at least age 18 years who had 1 or more children living in
the household, had not received a SNAP-Ed lesson in the past 1 year, were able to speak, read,
and write in English, and were willing to wait 1 year to receive nutrition education lessons. The
intervention consisted of the first 4 lessons in the Indiana SNAP-Ed curriculum (16) which cover
the USDA key behavioral outcomes as well as budgeting food resources through the following
lesson topics: applying USDA MyPlate to build healthy meals, using food labels to make healthy
choices, identifying the importance of whole grains, and adding more fruits and vegetables to
meals (16,17). The study protocol was approved by the Purdue University Institutional Review
Board, all participants provided written informed consent, and the trial was registered at
clinicaltrials.gov as NCT03436589. Baseline participant characteristics and participant flow
chart for loss to follow up were previously published (14).
3.3.1

Food security measures.

Food security score was measured using the 18-item US Household Food Security Survey
Module with a 12-month reference period (18). Quantification of participant household food
security score is thoroughly described elsewhere (14,19). Change in food security score was the
response variable in this secondary data analysis. A decrease in long-term household food
security score indicating improved food security among the intervention compared to the control
group was previously discovered in this study population data (14).
Nutrition assistance program measures. Study participants self-reported participation status in
SNAP, WIC, and food pantry use over the previous 30 days at baseline and 1-year follow-up
assessments. Separate binary variables represent participation status (0=no participation,
1=participation) in individual nutrition assistance programs at baseline and 1-year follow-up.
Missing values were coded as non-participation. A 4–level categorical variable was created by
concatenating the baseline and 1-year follow-up binary variables to simultaneously represent the
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participation status for each nutrition assistance program at baseline and 1-year follow-up in
addition to change in participation status from baseline to 1-year follow-up if it occurred (00=no
participation; 01=participation at 1-year follow-up only; 10=participation at baseline only; 11=
participation at both baseline and 1-year follow-up). The 4-level categorical variables for SNAP,
WIC, and food pantry use were used as independent variables to address the first research
objective.
3.3.2

SNAP-Ed program characteristics measures.

The number of lessons a participant received was recorded by the SNAP-Ed educator at the 1year follow-up assessment. This program characteristic was investigated as a quantitative
variable ranging from 4 to 10 because intervention participants were requested to participate in at
least 4 lessons, but the receipt of additional lessons was based on the desire and willingness of
the participant. Lesson delivery format was a categorical variable with 3 levels representing how
the participant received lessons (1=one-on-one lessons, 2=group lessons, 3=combination of oneon-one and group lessons). Lesson delivery format for each participant was based on ability of
the participant to attend group lessons, educator facilitation, and schedule of group or individual
lessons. Data collected by 35 SNAP-Ed educators was included in this current study. Assignment
of SNAP-Ed educator was based on the county-based geographic region where the participant
was recruited. Only intervention group participants were selected to address research objectives
2-4 investigating the association of the number of lessons, lesson delivery format, and variability
between SNAP-Ed educators with change in household food security score over time.
Other covariates. Treatment group was classified as a binary variable (1=control,
2=intervention) and used to address research objective 1. Time was included as a binary variable
in mixed regression modeling (baseline=1, follow-up=2) to address research objectives 2-4.
Participant characteristic data and variables investigated as potential confounders were presented
elsewhere (14).
3.3.3

Statistical methods.

Change in food security was quantified by subtracting the baseline score from the 1-year followup score for each participant to investigate research objective 1. The hypothesized model to
determine whether nutrition assistance program participation status along with the randomized
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treatment condition of receiving SNAP-Ed or not influenced the response variable over the longterm included treatment group and participation status in SNAP, WIC, or food pantry use as
independent variables (Figure 1). Participation status in SNAP, WIC, and food pantry use were
individually investigated for mediation between treatment group and change in food security
score and were tested for interaction with treatment group effect in general linear regression
models with a Tukey adjustment for multiple comparisons. Statistical power to detect a
difference at a significance level of α=0.05 was confirmed using a power analysis procedure for
general linear regression models.
A three-step process using the 4-level categorical variable for participation status was
used to investigate whether participation status in SNAP, WIC, or food pantry use mediated the
effect of treatment group (receiving SNAP-Ed or not) on change in food security score over the
1-year follow-up period (20). First, the significant effect of treatment group on the change in
food security was confirmed by regressing the response variable on treatment group (P<0.01).
Second, participation status in SNAP, WIC, and food pantry use were individually regressed on
treatment group. There was no evidence of association between SNAP and treatment group.
Evidence of an association with treatment group and the potential for mediation presented for
WIC (P=0.04) and food pantry use (P=0.05). Finally, the third step was a regression of the
change in food security score on treatment group and participation status in WIC or food pantry
use to determine whether mediation occurred in the model. The effect of WIC and food pantry
use were not significant in their respective models, and the parameter estimates for the effect of
treatment group increased compared to the simplest model; thus, no statistical evidence was
found supporting the mediation of treatment group through SNAP, WIC, or food pantry use on
long-term change in food security score.
To address research objectives 2-4, program characteristics were investigated among the
intervention group (n=165) using a mixed linear regression model adjusted for age to determine
the association of the number of lessons, lesson delivery format, and variability between SNAPEd educators with change in food security score over the long-term. Time, number of lessons,
and lesson delivery format were included as fixed effects in the model and SNAP-Ed educator
(n=35) was tested as a random effect to determine the variability between different nutrition
educators and influence on the change in food security score. Participants were also considered
as a random effect. The covariance structure was specified as compound symmetry after using
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the Sawa Bayesian information criterion (BIC) to compare various covariance structures.
Potential confounders were tested as covariates in the model. Statistical power to detect a
difference at a significance level of α=0.05 was confirmed using a power analysis procedure for
mixed linear regression models. All analyses were completed using SAS® software version 9.4
(SAS Institute Inc., Cary, NC, USA).

3.4
3.4.1

Results
Research Objective 1.

Baseline and 1-year follow-up participation status in SNAP, WIC, or food pantry use was not
associated with the change in food security score over the 1-year study period in the intervention
compared to the control group. Baseline participation status in WIC and food pantry use differed
(P<0.01) between the intervention and control groups (Table 1). Additionally, participation
status in WIC and food pantry use at baseline and 1-year follow-up also differed between the
intervention and control groups (Table 2). Mediation analysis resulted in no mediation of SNAPEd through SNAP, WIC, or food pantry use on the response. In general linear regression
modeling, the interactions of participation status in SNAP, WIC, or food pantry use with
treatment group were not associated with the long-term change in food security score (P>0.05).
3.4.2

Research Objectives 2-4.

The majority of intervention group participants (78%) received more than the minimum of 4
lessons with a mean of 6.8 lessons; the number of participants who received only 4 lessons was
similar to the number who received all 10 lessons (Table 3). Approximately half of participants
received lessons in a one-to-one or individualized format (Table 3). There was no statistical
evidence of an association between the number of lessons received and the mean increase in food
security score over time (P=0.3) among only intervention group participant data from a
randomized, controlled SNAP-Ed intervention trial according to the mixed linear regression
model. No association between the lesson delivery format (P=0.1) or variation between SNAPEd educators (P=0.4) with the response was detected using the same model and only intervention
group participant data. Model assumptions were checked by plotting residuals against predicted
means, Q-Q plots, and histograms of residuals.
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3.5

Discussion
A major finding from this secondary data analysis shows that improvement in long-term

household food security in the intervention compared to the control group occurred regardless of
nutrition assistance participation status at baseline, 1-year after the intervention, and for changes
in status. Food security in the intervention group consistently improved compared to the control
group regardless of whether participants maintained no nutrition assistance participation or full
nutrition assistance participation across the study or withdrew from or started receiving nutrition
assistance over the course of the study (Figure 2). Although no association was found in the
comparisons across the 4 levels of participation status in SNAP, WIC, and food pantry use with
the change in food security score in the intervention group compared to the control group,
investigation within certain nutrition assistance participation status levels revealed significant
and practically relevant differences (Table 4). For participants who maintained SNAP
participation, those in the intervention group improved food security significantly more than
those in the control group, indicating that SNAP-Ed may assist participants to improve food
security more than SNAP alone (Table 4, Figure 2 Panel A). Participants who were not
participating in WIC or not using food pantries throughout the study but received SNAP-Ed also
significantly improved food security compared to control group participants (Table 4, Figure 2
Panel B and C). In situations where participants do not qualify for nutrition assistance programs
or do not want to participate, SNAP-Ed is a powerful intervention to sustainably improve food
security. Although not statistically significant, the largest improvement in food security was
apparent among the intervention group participants who reported relying on food pantries at
baseline but no longer used food pantries at the 1-year follow-up (Table 4, Figure 2 Panel C).
These results suggest that SNAP-Ed is especially impactful over a long-term period for
participants relying on emergency nutrition assistance from food pantries and might have
reduced the need for nutrition assistance from food pantries. Use of food pantries is often
indicative of an emergency household food situation, very low food security, and capacity for the
greatest improvement in food security score.
Nutrition assistance participation status may have changed throughout the study period
due to SNAP-Ed for a couple of reasons. SNAP-Ed educators may encourage and assist
intervention group participants who were not receiving nutrition assistance at baseline to apply
for financial benefits through SNAP or WIC or to maximize nutrition resources available
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through food pantries. On the other hand, improvements in food security through SNAP-Ed may
lead intervention group participants who were receiving nutrition assistance at baseline to attain
and maintain sufficient nutrition resources and withdraw participation in SNAP, WIC, or use of
food pantries by the 1-year follow-up. The increased food security scores of intervention group
participants who withdrew food pantry use from baseline to 1-year follow-up could potentially
be explained by an increase in food security due to participation in SNAP, WIC, SNAP-Ed, or
any combination of these. Due to the observational nature of nutrition assistance designation, this
study was not able to provide causal evidence of SNAP-Ed influence on changes in nutrition
assistance participation status. This limitation provides an important research opportunity yet
ethical constraints may hinder randomization of these resources.
A greater number of lessons did not result in a significantly larger improvement in food
security score over time among intervention group participants. The minimum first four lessons
of the SNAP-Ed curriculum were a sufficient intervention to improve food security. The first
four lessons in the curriculum were chosen as the intervention lessons because they are
considered to cover the most important behavioral recommendations for SNAP-Ed set by the
USDA FNS (17). The results suggest that receipt of the 4 intervention lessons is more critical to
food security gains than the frequency and amount of additional time spent in lessons. However,
a potential caveat to this may be related to sustainability of food security gains for longer than 1
year. The number of lessons may potentially enhance even longer-term gains in food security.
Other beneficial outcomes, such as increased nutrition knowledge or perhaps dietary changes,
may also be achieved by participants receiving additional lessons; however, those outcomes have
yet to be investigated. No previously published studies have addressed the question of a doseresponse effect of the number of SNAP-Ed lessons on food security.
In the present study, the format of lesson delivery was not significantly associated with
change in food security over the long-term among the intervention group. A current Indiana
SNAP-Ed priority set forth by the USDA FNS encourages a transition to mostly group lesson
delivery format rather than one-to-one format (David Smalley, personal communication, 2014
Management Evaluation Review of SNAP Nutrition Education (SNAP-Ed), April 2014). This
policy decision is supported by these study results in regard to food security improvements.
Group lessons reach a greater number of participants at less cost and time, yet, they may be less
sensitive or flexible to individuals who are unable to attend these group sessions. The capacity to
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deliver both group and individual lessons fills the need to still serve participants who are
challenging to reach through groups due to transportation limitations, dietary restraints, limited
cooking equipment, or other unique situations and characteristics. Thus, the program flexibility
to provide one-to-one lessons should remain an option.
The third program characteristic assessed in this study was the SNAP-Ed educator. The
variability of the change in food security due to different educators was not statistically
significant over the long-term. The educator delivering the nutrition education embodies several
characteristics that could be differential and potentially influence the outcome. Variable
characteristics inherent to the educator include age, gender, education level, years of experience,
depth of nutrition education knowledge, supportive and/or domineering personality, knowledge
and connection with community resources, among many others. Investigating the educator as a
random effect in the model did not allow for comparisons specifically based on the educator
characteristics mentioned or between specific educators yet, did allow insight to educator
significance with regard to SNAP-Ed effectiveness. The training that SNAP-Ed educators
receive to deliver the program curriculum may be sufficient to achieve the program aims of
nutrition and healthy lifestyle education in the context of budget management. Despite the
SNAP-Ed educators’ potentially diverse backgrounds, qualities, and characteristics, they were
able to successfully provide SNAP-Ed to improve participants’ household food security. The
variability due to different educators in relationship with program effectiveness of other SNAPEd goal outcomes (i.e. improving diet quality and achieving and maintaining caloric balance and
healthy weight) requires additional research.
There is a paucity of SNAP-Ed impact evaluation on food security outcomes; however, a
few studies have evaluated a second federally-supported nutrition education program, the
Expanded Food and Nutrition Education Program (EFNEP) (21–24). Since the two programs are
similar, research results from EFNEP may cautiously inform SNAP-Ed research and program
planning. Studies evaluating EFNEP reported a greater increase in food security using a variety
of food security measures including one survey question (21) and the 6-item (22) and 18-item
(24) US Household Food Security Survey Modules. The number of lessons needed to show food
security increases greatly varied across the studies. In one study, program completers (mean
number of lessons 8.5±0.02) compared to drop-outs (mean number of lessons 6.8±0.11) showed
a positive dose-response in food security increase with increasing number of lessons (21). In
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other studies, participants improved food security after receiving 7 EFNEP lessons (22) or with
just 2 or more lessons compared to a comparison group receiving one or no lessons (24). Lesson
delivery format was not always defined in these studies. The same study showing a doseresponse also found that food security was higher in participants who received lessons in a oneto-one format compared to those who received lessons in a group format or a combination of
group and individual lessons (21). The results from this small body of literature are unclear as to
whether more lessons on an individual basis support greater gains in food security in the EFNEP
population.
Based on the EFNEP study findings and the results presented here, prioritizing the
lessons covering the USDA key behavioral outcomes for program completion remains an
effective strategy for Indiana SNAP-Ed to improve food security. The current results support the
previous findings that nutrition education improves food security, but contradict other study
findings that the individual lesson delivery method resulted in increased food security compared
to group or a combination of individual and group lesson delivery method in EFNEP participants
(21). Results from this study strengthen the evidence against a dose-response association with
number of lessons and increase in food security (21,24). Null results in this evaluation suggest
that other program characteristics, such as the content of the lessons, an effective health behavior
change theory basis, and the role of the SNAP-Ed paraprofessional, may be more critical
program components for improving targeted outcomes and warrant attention in future research.
A limitation of this secondary data analysis was that the study treatment groups were not
designed specifically to investigate the effect of nutrition assistance program participation status
or program characteristics. Non-response (baseline n=27, follow-up n=50) for survey questions
determining the SNAP, WIC, and food pantry use variables might have introduced a bias that
attenuated the association between the effect of SNAP-Ed and nutrition assistance program
participation status on long-term change in food security score. A low percentage of nonresponse (8% at baseline, 15% at follow-up) is unlikely to have influenced the results, but the
hesitation for some participants to answer these types of sensitive survey questions is important
to consider when calculating future study sample sizes. Investigation of the effect of nutrition
assistance program participation status was a primary objective of this secondary data analysis
therefore assignment of non-participation for non-responses was considered a conservative
option to preserve statistical power. Non-response was considered more similar to non-
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participation compared to participation for this investigation. Random assignment of program
participation and withholding nutrition assistance from those who qualify is not ethical (11), but
designing future studies to further stratify the control and intervention groups by nutrition
assistance program participation status would improve this current study limitation and allow for
a deeper understanding of how SNAP-Ed influences change in participation status of nutrition
assistance programs. Future studies should also investigate the effect of participating in multiple
nutrition assistance programs simultaneously to improve real world application.
Strengths of this investigation contribute to its immediate practical applications in reallife settings and build the evidence base for the effectiveness of SNAP-Ed to improve food
security in similar populations. The longitudinal data were derived from a recent randomized and
controlled scientific impact evaluation showing an improvement in long-term food security due
to SNAP-Ed (14). Change in food security was quantified using the USDA US Household Food
Security Survey Module, a tool which is also used across many national surveys and other
research studies and allows for comparisons of results across other populations. This current
study builds upon the previous evidence that nutrition education is a critical component of the
solution to improving food security in the US low-income population by showing how SNAP-Ed
works alone but also synergistically with other nutrition assistance programs for certain
participants to improve food security. In addition, the flexibility to tailor the program to the
participants’ individual needs when appropriate and constancy against a variety of program
delivery variables supports food security improvements through SNAP-Ed.
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Table 3-1 Chi-square test of baseline distribution of SNAP, WIC, and food pantry use among
control and intervention group Indiana SNAP-Ed Study participants

Note: SNAP Supplemental Nutrition Assistance Program; WIC Women, Special Supplemental
Nutrition Program for Women, Infants, and Children; Participation in SNAP, WIC, and Food
Pantry Use was reported over the past 30 days at each assessment time point; missing
information was coded as non-participation.
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Table 3-2 Participation status in SNAP, WIC, and food pantry use at baseline and 1-year followup by treatment group among Indiana SNAP-Ed Study participants

Note: SNAP Supplemental Nutrition Assistance Program; WIC Women, Special Supplemental
Nutrition Program for Women, Infants, and Children; Participation in SNAP, WIC, and Food
Pantry Use was reported over the past 30 days at each assessment time point; missing
information was coded as non-participation.
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Table 3-3 Lesson delivery format and number of lessons received by Indiana SNAP-Ed Study
participants

Note: Cells do not always add to total sample size due to missing data. Lesson Delivery Format
was reported at baseline assessment. Number of Lessons was reported at the 1-year follow-up
assessment. The control group did not receive lessons. A minimum of 4 lessons was required to
have completed the intervention.
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Table 3-4 Comparisons of least squares means of change in household food security score from
baseline to 1-year follow-up by participation status in SNAP, WIC, or food pantry use and
treatment group among Indiana SNAP-Ed Study participants
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Note: SNAP Supplemental Nutrition Assistance Program; WIC Women, Special Supplemental
Nutrition Program for Women, Infants, and Children; SE Standard Error of the Least Squares
Mean. Participation in SNAP, WIC, and Food Pantry use was reported over the past 30 days at
baseline and 1-year follow-up assessments. Least squares means was calculated using
generalized linear regression models with change in food security as the response variable. The
model included the binary fixed effect covariate time (1=baseline, 2=1-year follow-up) and was
adjusted for the 3-level categorical covariate age (0=18-30 years, 1=31-50 years, 3=51 years or
older). Tukey adjustment for multiple comparisons. Statistical significance was set at P≤0.05. A
greater decrease in change in food security score indicates increased food security.
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Figure 3-1 Hypothesized mediation model of the treatment group effect through baseline and 1year follow-up participation status in SNAP, WIC, or food pantry use on the change in long-term
food security score among Indiana SNAP-Ed study participants.
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Figure 3-2 Interaction plots depict mean long-term change in food security score by baseline and
1-year follow-up participation status in SNAP, WIC, or food pantry use among Indiana SNAPEd study participants.
Panel A depicts SNAP, Panel B depicts WIC, and Panel C depicts food pantry use. The dotted
line represents the control group and the dashed line represents the intervention group. SNAP,
WIC, and food pantry use were each classified with the following 4 levels: 00 = no participation;
01= 1-year follow-up participation only; 10= baseline participation only; 11=baseline and 1-year
follow-up participation. A decrease in food security score represents improved food security at 1year follow-up compared with baseline. The range of the Food Security Scale is 0-18.
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4.1

Abstract

Background: The diet quality among the subset of the Supplemental Nutrition Assistance
Program (SNAP)-eligible population who are interested in receiving nutrition education lessons
through SNAP-Education (SNAP-Ed) is currently unknown and may differ by food security
status.
Objective: The objectives of this study were to characterize the diet quality of the Indiana
SNAP-Ed-eligible adult population, assess usual intake of fruits, vegetables, dairy, and whole
grains, compare usual intakes of these food groups to the recommendations in the Dietary
Guidelines for Americans (DGA), and determine if these dietary outcomes differ by food
security status among this population.
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Methods: Dietary intake was assessed by repeated 24-hour dietary recalls. Usual intake of food
groups was estimated using the National Cancer Institute Method. Diet quality was quantified
using the Healthy Eating Index (HEI)-2010. Food security status among household adults was
classified using the 18-item US Household Food Security Survey Module.
Results: Mean±SEM Total HEI-2010 was 42±0.9. Food security was positively associated with
a higher Total HEI-2010 score (4.9±1.9 units, p=0.01) and higher HEI-2010 whole grain
(1.2±0.4 units, p<0.01) and dairy (1.0±0.5 unit, p=0.05) component scores compared to food
insecurity. Mean usual intake of fruits (0.62), vegetables (1.2), dairy (1.3), and whole grains
(0.05) were low with 93%, 95%, 98%, and 100% of the population not meeting the DGA
recommended daily servings, respectively. Mean usual intake and the proportion of the
population meeting the DGA recommendations for fruit, vegetable, dairy, and whole grain intake
did not vary by food security status.
Conclusions: SNAP-Ed-eligible adults reported lower diet quality than the US national average
highlighting the need for interventions aimed to improve dietary intake and quality as per DGA
recommendations in low-income populations; tailoring these interventions to improve dairy and
whole grains among food insecure adults may be especially effective for dietary quality and
intake gains.
Keywords: SNAP, SNAP-Ed, low-income, food insecurity, nutrition education, diet quality

4.2

Introduction
The diet quality of low-income Americans is poor compared to the recommendations in

the Dietary Guidelines for Americans (DGA) 2015-2020 (1,2). Food insecurity is a situation of
low access to food associated with poor dietary intake that many low-income Americans also
face, placing this population at risk for nutrition-related poor health outcomes(3). Nutrition
assistance in the form of financial benefits provided through the Supplemental Nutrition
Assistance Program (SNAP) aids low-income access to food(4,5). SNAP is the largest of 15 US
federally-supported programs in the hunger safety net in terms of funding and participation with
nearly $64 billion provided to over 42 million participants in 2017(4,6). While SNAP is aimed to
improved food access (5), Supplemental Nutrition Assistance Program-Education (SNAP-Ed) is
an intervention aimed to improve the poor dietary quality of low-income Americans, specifically
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for SNAP and SNAP-eligible US adults(7). SNAP-Ed is a smaller program, funded at $414
million in 2017, that complements SNAP by providing direct nutrition education with the goal of
aligning dietary behaviors with the recommendations in the DGA(7–9). Direct SNAP-Ed
promotes consumption of nutrient-dense foods and beverages and the maintenance of a healthy
weight at an individual-level through direct educational lessons on topics such as how to use
MyPlate to build balanced meals and increase daily intake of foods from the fruit, vegetable,
low-fat dairy, and whole grain food groups(9).
The food security status of SNAP and SNAP-eligible participants may differentiate
dietary quality as per the classification of food insecurity as a situation of reduced quality and
amount of food consumed(3,10,11). However, knowledge of the relationship of food security and
dietary quality among SNAP and SNAP-eligible participants who are also interested in nutrition
education interventions such as SNAP-Ed is unknown and may be useful to inform SNAP-Ed
and other federally funded interventions aimed to improve dietary intake, specifically intake of
certain food groups and overall diet quality.
Thus, the objectives of this study, to characterize the diet quality of the Indiana SNAPEd-eligible adult population, assess usual intake of foods from the fruit, vegetable, dairy, and
whole grain food groups, compare usual intakes of this population with the DGA
recommendations, and determine how food security status among this population is associated
with each of these dietary outcomes, will fill a gap in determining how SNAP-Ed and other
nutrition education programs may better serve food secure and insecure clients.

4.3
4.3.1

Methods
Study participants and recruitment
SNAP-Ed-eligible individuals (≤130% federal poverty guideline or meeting specific

resource requirements) who expressed interest in receiving nutrition education lessons and
participating in the study were recruited by SNAP-Ed paraprofessionals from August 2015 to
May 2016 (N=261). Study participant eligibility included age ≥18 years, able to speak and read
English, eligible for SNAP-Ed, not pregnant at recruitment, and a new client of SNAP-Ed (no
lessons during the previous year). Data for this cross-sectional study were collected from August
2015 to May 2016 as the baseline assessment in a longitudinal randomized and controlled
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nutrition education intervention study. The Human Research Protection Program of the Purdue
University Institutional Review Board approved all study and SNAP-Ed protocols. The trial is
registered at www.Clinicaltrials.gov as NCT03436784. Participants completed the informed
consent process before initiation of study activities. Participants were compensated with WalMart gift cards with a value of $25 for completing the survey and 1 dietary recall or $35 for
completing 2 dietary recalls.
4.3.2

Measures

4.3.2.1 Dietary intake
Dietary intake was assessed from administration of one (n=208) or two (n=87) 24-hour
dietary recalls (24HR) on non-consecutive days during the week and weekends using the
Automated Self-Administered 24-Hour Dietary Recall (ASA-24HR) 2014 version(12) developed
by the National Cancer Institute (weekday recalls N=206 (70%); weekend recalls N=89 (30%);
weekend first recalls n=58 (65%); weekend second recalls n=31 (35%)). The ASA-24HR 2014
version aligned with the data collection period. The first ASA-24HR was self-administered by
the participant online or interviewer-assisted either in person by the SNAP-Ed educator or over
the phone by undergraduate research assistants; the second ASA-24HR was administered over
the phone by research assistants. SNAP-Ed educators and research assistants underwent inperson research methods training and followed the ASA-24HR to ensure standardized protocol
that has been shown to produce similar results between self-administration of the ASA-24 and
interviewer-assisted using the USDA Automated Multiple Pass Method(13,14). Usual intake of
foods from the fruit, vegetable, dairy, and whole grain food groups were compared to the daily
recommended servings for men and women from the DGA Healthy US-Style Eating Pattern
using a 1600 kilocalories intake for males and females based on the median kilocalorie intake of
the total study population (median kilocalorie=1628) and for resilience to the right skewness of
the data(1). The food groups presented were selected to quantify the key dietary outcomes of
direct SNAP-Ed core nutrition education lessons(9). The fruit food group includes whole fruits
and 100% fruit juices; dairy includes all milk products and fortified soy beverages.
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4.3.2.2 Diet quality
ASA-24HR data was used to quantify diet quality through application of the Healthy
Eating Index-2010(15). The HEI-2010 version matched the data collection period and ranges
from 0 to 100 with a higher score reflecting closer adherence to the DGA recommendations(16).
The total HEI-2010 score is comprised of 12 component scores with ranges from 0-5, 0-10, and
0-20: total vegetables, greens and beans, total fruit, whole fruit, total protein foods, seafood and
plant protein foods, refined grains, whole grains, dairy, fatty acid, sodium, and empty
calories(16,17). Dietary components to decrease (i.e. refined grains, sodium, and empty calories)
are reverse scored so that lower intakes result in a higher score, indicating closer adherence to
the DGA recommendations.
4.3.2.3 Food security status
The 18-item US Household Food Security Survey Module was self-completed via survey.
Food security among household adults rather than entire household food security was selected as
the appropriate indicator of direct nutrition education to the adult recipient and in order to
include households with and without children on a common scale(18). The 10 adult-focused
questions were used to quantify food security among household adults with a reference period of
the previous12 months(18). Food security classification methods are described in detail
elsewhere(19,20). Briefly, food security score among household adults was quantified for each
participant (range 0-10) and used to create a binary categorical variable (1=food secure, 2=food
insecure) classifying food security status (food secure=score 0-2, food insecure=score 3-10).
4.3.2.4 Participant and household characteristics
Participant and household characteristics were also self-completed via survey added on to
the Indiana SNAP-Ed evaluation survey. All characteristics were classified as categorical
variables. Variables used in statistical analysis included: age (1=18-30yrs, 2=31-50yrs,
3=51+yrs), food pantry use (1=Yes, 2=No), and participation in the Supplemental Nutrition
Program for Women, Infants, and Children (WIC) (1=Yes, 2=No), race (1=White, 2=Other), and
number of household children (1=none, 2=1-2 children, 3=3-4 children, 4=5+ children). The
reference time period covered the previous 30 days for food assistance program participation and
food pantry use.

87
4.3.3

Statistical methods
Study participants (n=208) who completed characteristics, food security, and SNAP-Ed

evaluation surveys and at least one ASA24HR were included in the analysis. The simple HEI2010 scoring algorithm developed by the NCI was used to calculate scores for overall diet
quality and the 12 dietary components for each participant (15). Briefly, foods reported on the
ASA-24HR are assigned a food code from the Food and Nutrient Database for Dietary Studies
(FNDDS) and matched to a USDA MyPyramid Equivalents Database component to determine
intake amount. A ratio of the sum of intake for each dietary component across all reported intake
days per total energy is scored according to HEI component standards, typically cup or ounce
equivalents per 1000 kilocalories, based on the USDA Food Patterns and DGA (17,21). Total
HEI-2010 and each HEI-2010 dietary component were separately assessed as response variables
in general linear regression modeling with food security status as the main independent variable
of interest. Age, food pantry use, and WIC participation status were included as covariates in
general linear regression modeling due to inequalities in their prevalence among food security
groups. Only age was significant in the models and as such, retained in all models except for the
dairy component model, in which race and the number of children in the household were
significantly influential and included. All HEI-2010 results are presented as mean ± standard
error of the mean (SEM). Tukey adjustment for multiple comparisons was applied in all 13
general linear regression models for HEI-2010 outcomes. Statistical significance was set at
P≤0.05 for all outcomes in this study.
The National Cancer Institute Method(22) was applied to estimate the distribution of
mean usual intake by percentiles for food groups in the total sample and stratified by food
security status. Food groups were considered episodically consumed because >5% of the study
population reported no intake on the first recall day (fruits, vegetables, dairy, and whole grains).
The NCI Method two-part model fitting the outcomes of the probability of consumption and the
amount of consumption, allowing for correlation between the two outcomes, was used to
estimate usual intake of episodic food groups. A bootstrap method (n=200) was applied to
estimate standard deviations and 95% confidence intervals(23,24). Means and 50th percentile
estimates were derived directly from the study participant data. Covariates included in the NCI
Method NLMIXED models were type of day the recall was completed (weekday=0, weekend
day=1) and the sequence of the dietary recalls when participants completed more than one (first
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recall=0, second recall=1). The models were also adjusted for energy (kilocalories). The cutpoint method (25) was used to estimate the proportion of the population (total, food secure, and
food insecure) not meeting or exceeding the daily number of food group servings recommended
in the DGA(1). All results estimated using the NCI Method are presented as mean ± standard
deviation (SD), 50th percentile ± SD, and 95% confidence intervals. Statistical techniques applied
to optimize food group estimates using the NCI Method are specified in Table 3. All statistical
analyses were completed using SAS® software version 9.4 (SAS Institute Inc., Cary, NC, USA).

4.4

Results
The majority of study participants were female (93%), under age 50 years (81%), and

reported their race as white and non-Latino (89%); nearly half were married or living with a
partner and had employment in the past 12 months. Household characteristics included a range
from 41-62% who reported participating in SNAP, WIC, or using food pantries in the past 30
days, the highest level of education in 85% of households was a high school or equivalent
degree, and children resided in three quarters of participant households (Table 1). Two-thirds of
participants were food insecure. In chi-square comparisons of participant characteristics, age was
differentially distributed between food secure and food insecure participants (Table 1). Over half
of food secure participants were young (age 18-30 years) whereas nearly half of food insecure
participants were middle age (31-50 years). Use of food pantries and WIC participation was also
different among food secure and food insecure study groups. Nearly 3 times the number of food
insecure compared to food secure participants reported using food pantries in the past 30 days.
Approximately two-thirds of food secure participants self-reported receiving WIC benefits in the
past 30 days compared to only about one-third of food insecure participants.
The Indiana SNAP-Ed-eligible population mean Total HEI-2010 score was 42±0.9
(Table 2). The Total HEI-2010 score was an average of 4.9-units lower in the food insecure
(41±1.1) compared to food secure (46±1.6) SNAP-Ed-eligible subgroup (P=0.01) (Table 2). The
HEI-2010 whole grains component score was also significantly lower in the food insecure
(1.8±0.3) compared to the food secure (3±0.4) groups by an average of 1.2-units (P<0.01). Food
insecure SNAP-Ed eligible study participants reported a marginal but significantly lower intake
of dairy foods by an average of 1-unit compared to their food secure counterparts (5.8±0.6)
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(P=0.05) (Table 2). The remaining 10 HEI-2010 dietary component models were not different
between the food insecure and food secure groups (P>0.05) (Table 2). Mean usual intakes of
fruit, vegetables, dairy, and whole grains were low compared to the recommendations in the
DGA and did not vary by food security status. A majority of the SNAP-Ed-eligible study
population (93-100%) did not meet the DGA recommendations for daily servings of fruit,
vegetables, dairy, and whole grains regardless of food security status (Table 3).

4.5

Discussion
The study presented here is the first to characterize the overall diet quality of the SNAP-

Ed-eligible population, including the intake of food groups emphasized in the DGA and in
SNAP-Ed lessons. The overall diet quality of the Indiana SNAP-Ed-eligible adult population is
poor and approximately 16-units lower on the HEI than the general US population, which had an
estimated Total HEI-2010 of 58±0.98 during 2011-2012 among adults age 18-64 years(2).
Higher HEI scores have been associated with reduced risk of obesity, cardiovascular disease,
cancer, type 2 diabetes, and all-cause mortality(26–28). Even a mean improvement of 5-units on
the HEI-2005 was associated with reductions in systolic blood pressure of 6.5 mmHG, in
addition to serum glucose, insulin, and HOMA-IR, among an intervention group of a 3-month
long controlled trial of a nutrition education and lifestyle counseling intervention (29). Similar
improvements in HEI and blood pressure have been associated with reduced risk of poor health
outcomes in other studies(26,28). So, the 16-unit HEI difference determined here is likely to
translate to heightened risk of several chronic diseases due to poor diet(30), results strengthened
by the additional evidence of very low adherence to daily food group recommendations. Over
90% of the sample of Indiana SNAP-Ed-eligible participants did not meet the daily
recommended DGA servings of all 4 key food groups surveyed. Fruits, vegetables, dairy, and
whole grains are rich in nutrients such as potassium, folate, magnesium, vitamin A, and fiber and
represent the proposed mechanism through which poor dietary intake affects health outcomes
including type 2 diabetes, some cancers, and cardiovascular disease(29).
The further analysis of SNAP-Ed-eligible adults by food secure and food insecure status
revealed significant associations between food security and diet quality. Food insecure SNAPEd-eligible adults reported dramatically lower diet quality compared with their food secure
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counterparts, highlighting that certain subgroups of this low-income and resource-seeking
population experience greater hardships in meeting their nutrition needs. The disparity between
the SNAP-Ed-eligible food security subgroups was driven by lower intakes of dairy and whole
grain foods among the food insecure, highlighting the need to enhance both nutrition education
and access to these foods. These disparities are supported by previous research findings that food
insecure compared to food secure participants were at an even greater risk of reduced intake of
food groups rich in nutrients such as calcium and vitamin D from dairy foods, and fiber, iron,
folate, and magnesium from whole grain foods(29). Further stratification of food security
subgroups to include marginal, low, and very low food security status may reveal additional
dietary disparities among subgroups and provide insight as to whether these disparities are due to
reduced access to foods in general compared with access to health-promoting foods of high
dietary quality; however, this study, a baseline analysis of a longitudinal intervention, was not
powered to detect these differences(31).
Changing factors at the environmental level through SNAP-Ed interventions to increase
access and affordability of healthy foods among the SNAP-Ed-eligible population may help
improve food security and reduce disparities in dietary intake. For example, grain products, such
as breads and cereals, are commonly available from food pantries, although they may not include
whole grains(32). Approximately half of the study population reported food pantry use, and 76%
of those participants were food insecure. Enhanced access to whole grains and dairy products
perhaps through the emergency food pantry system may be one way to bridge the gap in dietary
intake among food secure and insecure SNAP-Ed-eligible clients. In addition to improved
availability of grains and dairy at the environmental level, prioritizing and enriching the dairy
and whole grain education lessons at the individual level with further applications to integrate
these foods with daily diets and provide links to economical access of these foods for food
insecure clients may also help improve intake. Determining how direct SNAP-Ed,
environmental-level SNAP-Ed interventions, and other nutrition assistance programs such as
SNAP, WIC, and food pantries interact to improve food security and dietary intake is a current
important research opportunity with implications for optimizing federal program funding,
synergy, and achieving program goals.
The SNAP-Ed-eligible population is a special population where, despite difficulty
adhering to a health-promoting diet, improvement may be especially possible due to the resource
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seeking behavior associated with interest in learning about nutrition through SNAP-Ed. The
results of this study are directly applicable to nutrition education programs, including SNAP-Ed,
the Expanded Food and Nutrition Education Program (EFNEP), WIC educational
opportunities/outlets, and by food companies that could fill these dietary gaps. Tailoring
education to communities, households, and individual participants’ needs may be one avenue to
more effectively intervene and close the gap in diet quality between food insecure and secure
counterparts. For example, certain lesson content and resources may be more important
depending on characteristics such as food security status. Assisting participants to achieve and
maintain a food secure status may be the first step toward improving diet quality. SNAP-Ed can
help improve food security among participants and their households over short-and long-term
periods(19,33,34); however, improvement due to SNAP-Ed on the characteristically poor diet
quality among this population is a gap in the research. A handful of previous studies have found
that SNAP-Ed improves limited individual dietary outcomes, such as intake of fruits, vegetables,
dairy, and folate-containing foods(35–39), attitudes and self-efficacy toward health promoting
dietary behaviors(36), intentions to improve dietary behaviors (40). A randomized controlled
SNAP-Ed intervention study found no short-term improvements in dietary intake assessed(41).
Additional studies, particularly using longitudinal, randomized controlled study designs, and
improved dietary assessment methods are needed to provide strong evidence of the impact of
SNAP-Ed on dietary intake and quality.
The results of the current study found that an even greater percentage of the SNAP-Edeligible population does not meet daily recommendations for fruit, vegetable, and whole grain
intake than previously reported (42). This study supports results from previous studies finding
evidence of poor dietary choices in the SNAP-Ed-eligible population(43,44). One recent crosssectional study among Indiana SNAP-Ed participants (years 2007-2012) compared the selfreported estimated daily intake to the DGA recommendations. Intake was queried simply by
using a short survey (behavioral checklist) from the SNAP-Ed program evaluation pre-test
survey that asks participants “How much fruit do you eat each day?” with 7 answer options
ranging from none to 3 cups or more increasing in half cup increments. Results indicated that
55% of SNAP-Ed participants met fruit recommendations (≥1.5 cups), 9.2% met vegetable
recommendations (≥2.5 cups), and 17.7% met whole grain recommendations (≥3 ounces)(42).
The same study also evaluated dietary intake of a national sample of SNAP-eligible participants
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from NHANES (years 2007-2012) using a 24–hour dietary recall and reported low proportions
meeting daily recommended intakes, with an even lower proportion meeting fruit
recommendations (21.3%). Although SNAP-Ed targets those eligible for or receiving SNAP
benefits, the SNAP-eligible group may be different from the SNAP-Ed eligible group in terms of
characteristics and diet quality. The current study furthers the evidence characterizing the low
diet quality specifically among the SNAP-Ed-eligible population by the use of a more specific
and less biased dietary assessment via the ASA-24HR dietary recall tool, an improvement over
previous dietary assessment methods(45,46). Use of a 24-hour dietary recall limits biases of a
behavioral checklist such as response bias, inaccurate estimation of total daily serving sizes, and
inaccurate identification of whole grain foods. Furthermore, the estimation of long-term average
daily intake for episodic food groups is difficult to accurately self-report and quantify due to
non-daily consumption, leading to measurement error.
Minimization of dietary assessment measurement error through the administration of
multiple ASA-24HR and application of the NCI Method, considered the most sophisticated
statistical method currently available to assess usual intake, is a major strength of the current
study (47). The administration of ASA-24HR on non-consecutive days, including week and
weekend days are strategies that reduce the likelihood that reported foods are influenced by the
previous day (i.e. leftovers), include fluctuations due to different dietary patterns on weekends,
and result in a more accurate representation of dietary variety and long-run average dietary
intake(47). Study personnel received extensive training on research methods including
administration of the dietary recalls and the importance of following study protocols to reduce
bias. One possible source of bias was the different options for ASA-24HR administration (selfassisted or interviewer-assisted, online, in-person, or over the phone). Social desirability bias and
difficulty estimating accurate portion sizes may have affected reported intakes, especially during
interviewer-assisted ASA-24HR, typically resulting in under-reporting(48). Research has also
documented underreporting by women and populations with low socioeconomic status and low
level of education, characteristics of this current study population(49). Further investigation is
needed to determine the extent and nature of under-reporting and the types of foods that are
under or perhaps over reported in groups experiencing a high prevalence of food insecurity in
order to contextualize dietary assessment among this group. Food insecurity has the potential to
bias over-reporting dietary intake as a socially desirable factor and denial of inadequate food
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access or also under-reporting as a high prevalence of the population are overweight, obese, and
have other diet-related chronic disease(50).
A strength of this paper is the application of two dietary assessment methods. First, the
mean method used to calculate HEI-2010 in this study is a practical and easily accessible tool to
quantify diet quality and can be used to compare results across studies. Limitations of the HEI2010 include an inability to account for the influence of weekend versus weekday effects, the
sequence effects of multiple 24HR, skewness, or correlation between dietary components and
energy. The second dietary assessment method applied in this study, the NCI Method, to
estimate the mean usual intake and proportion of the population not meeting recommendations
improves upon the HEI-2010 limitations and complements diet quality results with actual
estimates of food group intakes among the SNAP-Ed-eligible population(51). Differences by
food security status in Total HEI-2010 and dairy and whole grain scores were not identified in
the mean usual intake estimates and serve as a reminder that the HEI-2010 is not meant to
quantify actual habitual daily intake of foods(52). The amount of dairy and whole grains
consumed by food insecure participants was different from food secure participants in terms of
diet quality standards, but not different in terms of mean intake. Implications of these differences
are that when the majority of a population is not meeting recommended daily intakes of foods
illustrated by mean usual intake, the HEI-2010 may be useful to further identify disparities in
diet among subgroups, such as food secure and insecure, and used to highlight specific needs
among subgroups and inform intervention development or changes.
The results presented here highlight a critical need for nutrition interventions to improve
diet quality, particularly targeting food insecure audiences within low-resource populations.
Future investigations with experimental study designs are needed to provide evidence of the
effectiveness of various nutrition interventions, including nutrition education through SNAP-Ed,
to eliminate disparities in diet quality associated with food security status, improve overall diet
quality, and reduce risk of diet-related chronic disease among low-income Americans.
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Figure 4-1 CONSORT Participant Flow Diagram
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Table 4-1 Comparisons of self-reported characteristics between food secure and food insecure
Indiana SNAP-Ed eligible adults

Participants significantly differed by food security status for age, food pantry use, and WIC
participation. These characteristics were included as covariates in the general linear regression
model.
Fisher’s Exact Test used for age when 25% of cells had expected counts <5. Statistical
significance is p ≤ 0.05.Total values do not always add up to sample size due to missing values,
and percentages do not always add up to 100% due to rounding.
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Table 4-2 HEI-2010 Total and component score comparisons between food secure and food
insecure Indiana SNAP-Ed eligible adults

SEM=standard error of the mean. Values are adjusted least squares means ± SEMs unless
otherwise indicated. Values are the difference between food secure and food insecure adjusted
least squares means ± SEMs. All models were adjusted for age of participant except the dairy
model which was adjusted for participant race and number of children in the household.
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Table 4-3 Mean usual intake, 50th percentile, and prevalence (%) not meeting food group
recommendations among food secure and food insecure Indiana SNAP-Ed-eligible adults

1

DGA Daily Serving Recommendations

2

Quasi-Newton(QUANEW) with dual Davidon, Fletcher, and Powell (DDFP) update and

Double-dogleg optimization algorithm techniques were applied to optimize all bootstrap samples
(n=200); response variable scaled by multiplying by 100. Quadrature maximum was set to 60
points. Comparison of mean estimates of bootstrap samples containing Hessian Matrix Warnings
(n=94) to those without revealed little influence on mean estimates of the warning (Difference in
means=0.004).
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3

Conjugate Gradient Optimization (CONGRA) algorithm technique with Polak-Ribiere (PR)

update was applied to optimize bootstrap samples, (n=17) bootstrap samples were removed due
to inability to optimize or converge. The response variable was scaled by multiplying by 100.
Quadrature maximum was set to 60 points. Comparison of mean estimates of bootstrap samples
containing Hessian Matrix Warnings (n=200) to those without was not possible.
4

Double-dogleg optimization algorithm technique was applied to optimize bootstrap samples,

(n=27) bootstrap samples were removed due to inability to optimize or converge. The response
variable was scaled by multiplying by 10. Quadrature maximum was set to 60 points.
Comparison of mean estimates of bootstrap samples containing Hessian Matrix Warnings
(n=167) to those without revealed little influence on mean estimates of the warning (Difference
in means=0.066).
5

Quasi-Newton(QUANEW) with dual Davidon, Fletcher, and Powell (DDFP) update was

applied to optimize bootstrap samples. The response variable was scaled by multiplying by 10.
Quadrature maximum was set to 60 points. Comparison of mean estimates of bootstrap samples
containing Hessian Matrix Warnings (n=130) to those without revealed little influence on mean
estimates of the warning (Difference in means=0.0003). N=4 bootstrap samples contained <10
participants providing second recalls with intakes >0.
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IMPACT OF A SUPPLEMENTAL NUTRITION
ASSISTANCE PROGRAM-EDUCATION INTERVENTION ON USUAL
DIETARY INTAKE AMONG INDIANA ADULTS: AN RCT

Rivera RL, Zhang Y, Wang Q, Maulding, MK, Craig BA, Mattes RD, Bailey RL, Eicher-Miller
HA. Impact of a Supplemental Nutrition Assistance Program-Education Intervention on Usual
Dietary Intake among Indiana Adults: an RCT. Prepared for Am J Prev Med.

This chapter was prepared as an original research article for submission to The American Journal
of Preventive Medicine and formatted according to the journal requirements. Elsevier journals,
including The American Journal of Preventive Medicine, provide the right for authors to include
their own articles in their dissertation.

5.1

Abstract

Introduction/Study Purpose: The goal of the Supplemental Nutrition Assistance ProgramEducation (SNAP-Ed) is to assist low-income households to improve diet quality. The purpose
of this study was to evaluate the long-term effects of a direct SNAP-Ed intervention on dietary
quality and key nutrient and food group outcomes among Indiana SNAP-Ed-eligible adults.
Study Design: The study design was a parallel-arm randomized controlled nutrition education
intervention.
Setting/participants: Participants (≥18yrs) eligible for SNAP-Ed and interested in receiving
nutrition education lessons were recruited (N=261) from 31 Indiana counties, randomized to
either treatment or control group, and completed baseline assessments from August 2015 to May
2016 and follow-up assessments approximately 1-year after baseline from August 2016 to May
2017. Data were analyzed from May 2017 to April 2018 and n=103 participants were retained
for analysis.
Intervention: The intervention consisted of the first 4 lessons of Indiana adult SNAP-Ed
curriculum delivered to participants between 4 to 10 weeks after baseline.
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Main outcome measures: Dietary intake was assessed using repeated 24-hour dietary recalls at
each assessment time point. The main outcome measures were mean usual nutrient and food
group intake (calcium, vitamin D, vitamin A, vitamin C, vitamin E, magnesium, folate,
potassium, fiber, dairy, fruit, vegetable, and whole grains), the proportion meeting Estimated
Average Requirements, exceeding Adequate Intakes, or meeting daily recommended servings,
and diet quality as measured by the Healthy Eating Index-2010.
Results: No effect of direct SNAP-Ed was found on diet quality, nutrient, or food group intake
in the treatment compared to the control group over time from baseline to 1-year follow-up
assessment (p≤0.05).
Conclusions: Direct SNAP-Ed did not improve long-term diet quality, nutrient, or food group
intake among Indiana SNAP-Ed eligible adults.
Trial registration: This study is registered at www.clinicaltrials.gov as NCT03436784.

5.2

Introduction
The Supplemental Nutrition Assistance Program-Education (SNAP-Ed) is a federal

nutrition education program designed to improve diet quality, promote a healthy weight, and
increase physical activity and other healthy behaviors in accordance with the current Dietary
Guidelines for Americans (DGA) among the low-income United States (US) population1–3.
SNAP-Ed works toward these goals while at the same time assisting the Supplemental Nutrition
Assistance Program (SNAP) goal to improve food security2,4. The two programs are
complementary but differ in the type of assistance provided; SNAP provides financial benefits to
eligible individuals (<130% Federal Poverty Guideline) while SNAP-Ed offers education to
participants that encourages maximizing nutrition through available resources. SNAP is the
largest of 15 federal programs in the US hunger safety net in terms of funding and participation,
$64 billion and 42 million participants in 2017, while SNAP-Ed is a much smaller program with
$414 million in funding in 2017, but widely available at no cost to SNAP-eligible participants4,5.
Participation in SNAP-Ed is not a requirement to receive SNAP benefits, but the need for
SNAP-Ed is evidenced by the very poor diet quality of the SNAP and SNAP-eligible populations
compared with the general US population and with DGA recommendations6,7. The SNAP
population experience a high risk of food insecurity and increased risk of diet-related poor health
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outcomes such as chronic disease8–10. Researchers and policy-makers agree that dietary behavior
of the SNAP population is a public health issue in need of being addressed, but disagreement
exists on how to intervene11. Nutrition education is a critical component to the solution that has
received less attention, funding, and participation compared with financial nutrition assistance
programs. SNAP-Ed nutrition education is known to improve household food insecurity, a
remarkable outcome considering the receipt of direct education, independent of food assistance,
to only one household member, is responsible for food insecurity amelioration using a long-term
randomized, controlled study design9–12. SNAP-Ed promotes healthy behaviors through
community-level interventions and a series of individual-level lessons offering direct education
on healthy dietary and lifestyle choices while encouraging economical use of food dollars1. Yet,
the effect of SNAP-Ed to improve dietary intake and quality is unclear, impart because previous
evaluations have not used randomized control groups12–16, have only quantified short-term
outcomes directly following the intervention 12–18, have used weak study designs only allowing
for associations between SNAP-Ed and outcomes12,15,16, and have included limited and
inconsistent dietary outcomes also relying on dietary assessment methods that could be improved
19,20

.
These few studies show increased intake of fruits and vegetables from brief self-report

program evaluations among the SNAP-Ed population12–14. Evidence of the impact of SNAP-Ed
on habitual daily intake of food groups promoted in the DGA or overall diet quality is not
known, and bias inherent to the diet-related evidence using behavioral checklists to quantify diet,
short-term study designs and interventions without a control group or a non-randomized control
group remain a gap in justification for direct SNAP-Ed effectiveness. Determination of how
direct SNAP-Ed impacts long-term dietary quality and whether it assists participants to increase
intakes of shortfall nutrients and align dietary choices with the DGAs will help inform program
improvements and funding decisions by federal and state-level SNAP-Ed administrators and
policy-makers.
The primary objective of this study was to evaluate the long-term effects of a direct
SNAP-Ed intervention on usual nutrient and food group intake and diet quality in a treatment
group who received SNAP-Ed core lessons compared to a control group who did not receive
SNAP-Ed from the baseline assessment to the 1-year follow-up assessment in a sample of
Indiana SNAP-Ed-eligible adults (≥18 yrs). The hypothesis was that the treatment group would

108
increase intake of calcium, vitamin D, vitamin A, vitamin C, vitamin E, magnesium, folate,
potassium, fiber, and foods from the dairy, fruit, vegetable, and whole grain food groups
compared to the control group over the 1-year study period. Increases in diet quality as per the
Healthy Eating Index-2010, and a greater proportion meeting or exceeding dietary intake
recommendations among the treatment group compared to the control group over time were also
expected.

5.3
5.3.1

Methods
Study Population
Indiana SNAP-Ed eligible participants (n=261) from 31 Indiana counties were recruited

by Purdue University Health and Human Science Cooperative Extension Nutrition Education
Program SNAP-Ed paraprofessionals through the normal Indiana direct SNAP-Ed protocol.
Participants who expressed interest in participating in both the nutrition education program and
the study completed a screening survey to determine eligibility. Participants must have been
eligible for SNAP-Ed (<185% Federal Poverty Guideline), a new client of SNAP-Ed defined by
not having received a lesson in the previous year, able to speak and read English, an Indiana
resident, age 18 years or older, not pregnant, and willing to wait 1 year to receive SNAP-Ed
lessons. The SNAP-Ed paraprofessionals attended an in-person research methods training
session before recruiting study participants. Participants were compensated with gift cards to
Wal-Mart valued at up to $35 at each assessment time point. The Human Research Protection
Program of the Purdue University Institutional Review Board approved all study protocols and
participants completed the informed consent process prior to beginning study activities. The
Consolidated Standards of Reporting Trials (CONSORT) were followed in the publication of this
trial.
5.3.2

Study Design and Randomization
The study design was a parallel arm nutrition education intervention consisting of a

treatment group and an inactive control group21. A random number generator was used to assign
SNAP-Ed paraprofessionals to one of the two treatment groups. The first participant recruited by
each paraprofessional was allocated to the respective assigned treatment group. Allocation of
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subsequent participants alternated between treatment groups. Participants recruited as a group
were allocated to the same study group to prevent knowledge of a difference in treatment. All
participants completed a baseline assessment at recruitment from August 2015 to May 2016.
Participants who adhered to study protocols and could be contacted completed a postintervention assessment 4 to 10 weeks after baseline from September 2015 to July 2016.
Participants who could be contacted completed a follow-up assessment approximately 1-year
after post-intervention from August 2016 to May 2017. Control group participants were
encouraged to receive nutrition education through SNAP-Ed upon completion of the study. The
study is registered at www.Clinicaltrials.gov as NCT03436784.
5.3.3

SNAP-Ed Intervention
The SNAP-Ed intervention consisted of the first four out of the ten total lessons in the

Indiana Small Steps to Health SNAP-Ed curriculum and is described elsewhere in detail22. The
first four lessons cover the USDA key behavioral outcomes of using MyPlate to build balanced
meals and increasing intakes of fruits, vegetables, and whole grains, topics required as
comprising SNAP-Ed and meeting federal guidance1.
5.3.4

Measures
Dietary intake was assessed at baseline and 1-year follow-up assessments using up to 2

repeated administrations of the Automated Self-Administered 24-Hour Dietary Recall (ASA24HR) developed by the National Cancer Institute at each time point23. The first ASA-24HR
(n=103 at baseline and 1-year follow-up) was completed on non-consecutive days, including
weekdays and weekend days, through the ASA-24 website by the participants or was
interviewer-assisted in-person by the paraprofessional, or interviewer-assisted over the phone by
undergraduate or graduate student research assistants. The second ASA-24HR was completed
over the phone (n=52 at baseline, n=80 at 1-year follow-up) via trained interviewer who read all
prompts out loud and assisted participants to estimate portion sizes using common objects as
guides (i.e. 1 cup of cereal is approximately the size of a baseball). The most up to date ASA24HR version available at the time of assessment was implemented (2014 version at baseline and
post-intervention; 2016 version at 1-year follow-up). Data from the ASA-24HR 2014 versions
using the MyPyramid Equivalents Database were converted to updated values using the Food
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Patterns Equivalents Database to improve comparisons with the ASA-24HR 2016 version24. The
Food and Nutrient Database for Dietary Studies 4.1 provided food codes and nutrient values for
foods reported in the ASA-24HR25. The following nutrients classified as under consumed in the
US population by the DGA Scientific Committee were assessed: calcium, vitamin D, vitamin A,
vitamin C, vitamin E, magnesium, potassium, and fiber, in addition to folate26. Total fruit,
vegetables, dairy, and whole grains were assessed because of the emphasis to increase these food
groups in the DGA and the focus of SNAP-Ed is to improve diet through foods, not nutrients,
and thus supplement data was not included. The proportion of the total study population and
stratified by treatment group that did not meet the Estimated Average Requirement (EAR) for
calcium, vitamin D, vitamin A, vitamin C, vitamin E, magnesium, and folate and the proportion
exceeding the Adequate Intake (AI) for potassium and fiber was determined. When EAR varied
according to sex and age group, the EAR for women age 31-50 years was chosen because the
largest sex/age group of participants consisted of females age 31-50 years.
Diet quality was characterized by application of the Health Eating Index-2010 (HEI2010). The HEI-2010 version aligned with the data collection period. Higher scores on the HEI2010 (scale 0-100) and its 12 components (total vegetables, greens and beans, total fruit, whole
fruit, total protein foods, seafood and plant protein foods, refined grains, whole grains, dairy,
fatty acid, sodium, and empty calories) reflect closer alignment of diet quality to the
recommendations in the DGA. Components recommended to decrease in the DGA (sodium,
refined grains, and empty calories) are reversed scored so that a higher score reflects lower
intakes of these foods.
The independent variable classifying treatment group was structured as a binary variable
with 2 levels: control group (0 lessons) or treatment group (4 to 10 lessons). Participant and
household characteristics were self-reported via survey at baseline and classified as categorical
variables as follows: sex (female=1, male=2), race (white =1, other=2), Hispanic or Latino
ethnicity (Yes=1, No=2), Highest level of education among the household (no high school
diploma=1, high school diploma=2, some college=3, associate’s degree=4, bachelor’s degree=5),
marital status (never married=1, married or living with partner=2, separated, divorced, or
widowed=3), number of other adults living in the household (none=1, 1 other adult=2, 2 other
adults=3, 3or more other adults=4), number of children living in the household (0 children=1, 1
child=2, 2 children=3, 3 or more children=4), employed in last 12 months (yes=1, no=2),
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employment status in last 12 months (part-time=1, full-time=2), other household adult employed
in last 12 months (yes=1, no=2), other household adult employment status (part-time=1, fulltime=2), monthly income ($0-1265=1, $1266-1705=2, $1706 and above=3), SNAP participation
in past 30 days (yes=1, no=2), the Supplemental Nutrition Program for Women Infants, and
Children WIC participation in past 30 days (yes=1, no=2), emergency food pantry use in past 30
days (yes=1, no=2), frequency of emergency food assistance (never=1, less than once per
month=2, one time per month=3, 1-3 times per month=4, one time or more per week=5), 4 level
household food security status (food secure=1, marginal food security=2, low food security=3,
very low food security=4), and 2 level household food security status(food secure=1, food
insecure=2).
5.3.5

Statistical Analysis
Participants without at least one complete ASA-24HR at both baseline and 1-year

assessments and without baseline survey data were considered to not meet protocol requirements
and removed from analysis (n=6 and n=5). A total of N=103 participants were retained to
analyze the primary study outcomes using the NCI Method of the difference across time of the
change in the treatment group compared to the change in the control group for mean usual
intake, 50th percentile of intake, and the proportion of the population at risk for nutrient
inadequacy based on the cut point method not meeting the EAR or exceeding the AI.
Distributions of participant and household characteristics were compared using Chi-square test
for goodness of fit to test for differences between the control and treatment groups and
differences between study completers compared to participants who withdrew from the study.
Characteristics were also compared using Chi-square for the entire study population against
characteristics data provided by the Indiana Nutrition Education Program for the greater Indiana
SNAP-Ed client population covering August 2015 to May 2016. Characteristics self-reported at
baseline were not differentially distributed between the control and treatment groups, except
marginal differences (p=0.05) in income and food security status classed by 4 levels (Table
1)which were separately tested for influence in the modeling because of their potential
correlation. Neither were found influential in modeling and neither were retained in final models.
Additional investigation of potential confounders included backward selection in mixed linear
regression modeling resulting without of significantly influential covariates to control for in the
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NCI Method models. However, all NCI method models were adjusted for age (1=18-30yrs;
2=31-50yrs; 3=51+yrs) to control for differences in dietary intake due to age. The NCI Method is
described in detail elsewhere27,28. Briefly, for episodically-consumed foods, a two-part model
with outcomes probability of consumption and amount of consumption was fit using nonlinear
mixed effects models and the maximum likelihood method. Only the amount model was used for
ubiquitous nutrient usual intake estimations. A Monte Carlo Markov Chain procedure used
parameter values from the two-part model with 100 replications per participant to estimate the
percentiles for distribution of usual intake27. The NCI Method was designed to estimate usual
dietary intake from large cross-sectional datasets, such as NHANES. Adaptations to use with a
smaller study population and repeated measures study design included applying bootstrap
methods (n=200) to calculate standard errors and 95% confidence intervals for comparisons
between treatment groups and using the same sequence to bootstrap the baseline data as the
follow-up data to ensure that the same participants were included in each corresponding baseline
and follow-up bootstrap sample27. Larger numbers of bootstrap samples (up to n=1,000) gave
similar results, thus n=200 was chosen for consistency with the literature 27,29. Models were
adjusted for the following covariates treated as fixed effects: age, energy as kilocalories, and
variables indicating the day of the week of the recall (weekday: Monday-Thursday or weekend
day: Friday-Sunday) and the sequence of the recall number28.
Both short-term and long-term impact of SNAP-Ed on the dietary outcomes described
were assessed; however, the long-term results using data from the baseline and 1-year follow-up
assessments are featured in this paper because SNAP-Ed aims to align dietary behaviors and
choices with the DGA which are meant to be met over time, and significant improvement in food
security was previously found over a similar long-term period22. Analysis of post-intervention
assessment was a short-term indicator of dietary change, did not reveal improvement in any
dietary outcomes or quality, and is not presented here. Occurrence of pregnancy at each of the
three assessment time points was tracked by survey at each assessment. Removal of data from
participants who became pregnant during the study (n=6) gave the same results compared with
the full sample using general linear regression modeling with kilocalories as the outcome
variable, so all participant data was retained for final analysis. Conclusions from comparisons
over time were not different using general linear regression modeling controlling for baseline

113
nutrient or food group intake, energy, age, and treatment group when males (n=6) were removed
compared to the full sample so males were retained in the final analysis.
Several measures were taken to handle the skewed distribution, large number of nonconsumption recall days, extreme outliers in the dietary data, in application of the NCI Method
(Supplemental Table 1). Baseline and 1-year follow-up extreme data observations were
considered against the value at the 75th percentile plus 3 times the interquartile range, in addition
to consideration against upper Limits and national average intakes. These comparisons helped
determine which data to winsorize to reduce extreme upper level observations to improve
identification of appropriate lambdas for NLMIXED Box Cox transformations and improve
model optimization and estimates. Calcium, folate, potassium, and magnesium data were scaled
by dividing the response variable by 100 to improve model optimization. Estimates for Vitamin
C, including bootstrap samples containing warnings regarding Hessian Matrix, were compared to
estimates from bootstrap samples without Hessian warnings, and the results were not different so
all bootstrap samples were retained for final analysis. Mean usual intake, the 50th percentile of
intake, and long-term differences in the change between treatment groups were estimated using
mixed linear regression of single day (day 1) dietary intake for dairy, fruit, vegetable, or whole
grains to ascertain reasonableness of estimates using the NCI Method (Supplemental Table 2).
Statistical power to detect a difference at a significance level of α=0.05 was confirmed using a
power analysis procedure for mixed linear regression models and parameter estimates including
mean differences and standard deviations in food group and HEI from previously reported
studies of nutrition education interventions30,31. All analyses were performed from May 2017 to
April 2018 using SAS® software version 9.4 (SAS Institute Inc., Cary, NC, USA).

5.4

Results
Participant loss to follow-up is shown in Figure 1. No significant differences from

baseline compared with 1-year follow-up for mean usual intake or the 50th percentile of intake
for calcium, vitamin D, vitamin A, vitamin C, vitamin E, magnesium, folate, potassium, fiber, or
foods from the dairy, fruit, vegetable, or whole grain food groups were found in the treatment
group compared to the control group (Table 2). Neither was the proportion of the treatment
group meeting the EAR, exceeding the AI, or meeting the DGA recommended daily servings
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improved or different compared to the control group over the 1-year follow-up period (Table 3).
Dietary quality as indicated by the Total HEI-2010 or HEI-2010 component scores were also not
different among the treatment compared to control group over time, except for a mean decrease
of 2.1±0.9 (p=0.02) units in the HEI-2010 sodium component indicating an increased intake of
sodium among the treatment group (Table 4).
Participants who withdrew from the study were more likely to have had employment in
the previous 12 months, participating in WIC, of the younger age category (18-30 yrs), and
classified as having very low food security compared to participants who completed the 1-year
follow-up assessment. The SNAP-Ed-eligible population in this study differed from the greater
Indiana SNAP-Ed client population by including a larger percentage of study participants who
self-reported participation in SNAP, the Supplemental Nutrition Program for Women Infants,
and Children (WIC), and who received emergency nutrition assistance from food pantries
(Supplemental Table 2). Study participants also included fewer males and Latinos, a larger
group of younger participants age 18-30 years, and a greater percentage of household children
compared with Indiana SNAP-Ed clients.

5.5

Discussion
Dietary intake and quality is very poor among the SNAP-Ed-eligible population, placing

participants at heightened risk of inadequate intake of under-consumed nutrients and food
groups. Improvements in dietary outcomes were not observed in the participants who received
nutrition and resource management education lessons. In addition, intervention group
participants reported a poorer dietary component score for sodium, reflecting an increased intake
in grams of sodium per 1,000 kilocalories, a nutrient emphasized in the DGA to decrease, from
baseline to the 1-year follow-up assessment. This increased intake of sodium could be related to
previously reported long-term SNAP-Ed improvements in food security22. Participants
improving from very low food security, a situation characterized by a lack of food in general, to
low food security, characterized by increased access to foods which may be of low quality and
contain high amounts of sodium, such as canned or packaged foods or from fast food restaurants,
may help explain why participants can improve food security but not dietary outcomes. Highsodium foods may represent an enhanced shelf life for extending the amount of food in times of
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scarce resources to purchase foods. Such economization may support food security but not
dietary quality. This explanation is supported by the previous research that food insecurity at
baseline, combining both the low and very low food secure categories together, was significantly
associated with poorer diet quality compared to food security among the same SNAP-Ed-eligible
population32. Higher sodium intake is known to occur during the weekend, but this possible
confounder was ruled out by comparing the sodium dietary component scores on weekends
compared with weekdays and resulted in no difference among the intervention group and
suggests that participants consumed more sodium dense foods throughout the entire week.
Additionally, total energy intake did not change across time, thus an increase in sodium cannot
be accounted for by an increase in energy. The results of this study highlight the importance of
assessing food security in this low-income population and suggest that dietary improvement may
not be possible until full food security is attained. In other words, dietary quality improvement
may be dependent on reaching full food security. Participants who are food secure or
marginally food secure may be able to apply their nutrition education knowledge more than
participants classified with food insecurity because access to foods is not a barrier. Two-thirds of
participants were food insecure at baseline, thus there may not have been sufficient number of
participants who were in a food secure situation where dietary changes were detectable.
Participants may or may not be able to improve dietary outcomes is related to and possibly
dependent on their food security status and of other household members.
Results confirm that the SNAP-Ed-eligible population continues to make undesirable
dietary choices resulting in poor overall diet quality after receiving the SNAP-Ed educational
program, supported by the recognition that 53% were still food insecure at the 1-year follow-up.
A high percentage of this vulnerable low-income population have dietary intakes well below the
recommendations essential for maintaining health, placing members of this population at
increased risk of chronic disease. Only 4% and 2% of the population are not at risk for
inadequate intakes of fiber and potassium, respectively. More than half the population is at risk
for inadequate intake for all other shortfall nutrients assessed (calcium, vitamins D, E, C, and A,
magnesium), except for folate where 40% of the population is at risk. Adequate intakes of these
nutrients of concern are associated with reduced risk of certain cancers, osteoporosis, age-related
macular degeneration, cognitive decline, hypertension, and other poor health risk factors and
outcomes. Following the logical scenario for how poor dietary intake may lead to poor nutrient
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intake and over time lead to chronic disease, dietary intake among this SNAP-Ed qualifying
sample was also poor32. These results highlight a strong need for effective dietary intervention to
improve intakes of foods containing the shortfall nutrients but again, further suggest that such
improvement may not be possible until food security is achieved.
Previous studies have reported short-term improvements in dietary intake and quality
among the SNAP-Ed-eligible population 12,14–16,18,33–36. Non-experimental studies evaluating
dietary outcomes after SNAP-Ed could not rule out the influence of study biases, policy, and the
environment on positive dietary changes12–18,37. Previous SNAP-Ed studies using short surveys
(i.e. behavior checklists) to single out targeted outcomes such as fruit, vegetable, and whole grain
intake are subject to social desirability bias and systematic error because participants may feel
obliged to answer questions according to paraprofessional expectations. Participants may also
overestimate average intake of these foods which are queried similarly to a food frequency
questionnaire and shown to be less precise and subject to more underreporting compared to
24HR38,39. Other nutrition-related behaviors evaluated in previous studies, such as intentions and
self-efficacy to increase purchases, preparation, and consumption of targeted foods, are also
subject to social desirability bias, may be easier to influence than actual dietary intake, and do
not reflect actual intake, all possible explanations for the lack of congruency in positive findings
in this current study compared with previous studies. Results from this study are the first to
present mean usual nutrient intake and select percentiles (50th) for the SNAP-Ed population, an
improvement over previous studies presenting results of dietary behaviors, intentions, or food
group and nutrient intakes from a single day. The rigorous methodology applied in this study
reduces known biases in dietary assessment due to measurement error that may threaten ability to
detect dietary changes over time. Use of the ASA-24HR, repeated measures on a subsample, and
statistical modeling using the NCI Method are strengths; error due to within-person variations
(random error) and systematic error are reduced, the correlation between the probability of
consuming a nutrient or food and the amount consumed is accounted for, and a large number of
recalls with zero intakes are also effectively accommodated using this method27,28,40.
Previous studies have not considered improvement in dietary outcomes in light of
participant food security status. Because of the relationship between food security and diet,
evidence that SNAP and SNAP-Ed improve food security, and the large proportion of the study
sample reporting food insecurity, recognition of the importance of examining dietary and food
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security outcomes together to better understand opportunities and barriers to improving diet
among this population is fully realized. Two previous randomized controlled studies22,41 and one
outcome evaluation42 demonstrated a positive impact of direct SNAP-Ed on short-term41,42 and
long-term22 food security outcomes. Improvement in long-term food security among other
household members living with the study participant who received the SNAP-Ed intervention
hints at the possibility that other household members may have improved dietary intake and
quality even though the study participant did not. The household adult in charge of food
resources in food insecure homes is known to preferentially allocate food to children and other
adults in the household43. SNAP-Ed participants, who are often the primary food procurers of the
household, may similarly prioritize dietary improvements for other household members before
their own dietary improvement; therefore, dietary assessment of all household adults and
especially children is a future research need to fully evaluate the impact of nutrition education on
food insecure households. The disconnect between increased food security, increased access to
foods, but a lack of dietary improvement may be that SNAP-Ed successfully improves financial
constructs of food security, such as increased monetary resources toward food, improved access
to desirable foods, and reduced anxiety over limited food resources, rather than increases in dietrelated food security constructs such as access to a variety of foods, healthy foods, or balanced
meals44.
The environment may affect the impact of SNAP-Ed on food security and dietary
outcomes. Although SNAP-Ed may improve food security regardless of differences in
environmental factors and resources such as urban or rural setting, the availability of nutrition
assistance food outlets, and nutrition assistance program participation (i.e. SNAP, WIC, food
pantries)45,46, other evidence suggests that environmental factors, specifically the number of
county gas stations with food stores, negatively affect dietary intake of SNAP-Ed participants47.
A lack of access to affordable and desirable healthy foods in the food environment where
participants live may be prohibitive in applying the nutrition and resource-management
knowledge and skills gained from direct SNAP-Ed, thus preventing improvement in dietary
intake. A better understanding of the interaction between direct SNAP-Ed and SNAP-Ed
interventions at the policy, systems, and environmental levels will help inform and encourage the
two levels of SNAP-Ed intervention to effectively support each other through the Social
Ecological Model toward the program goals of improved dietary choices and food security.
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The current study contributes to the foundation of a strong evidence base using a
scientific study design and sophisticated dietary assessment methods. More research using high
quality study designs is needed to demonstrate the effect of increased knowledge, self-efficacy,
and intentions to improve diet-related health behaviors promoted through SNAP-Ed on actual
dietary intake and quality. Health and prevention of chronic disease is another long-term
outcome that may have links with SNAP-Ed and should be evaluated to fully investigate
program effectiveness. Qualitative research may help reveal reasons as to why food security
improves in this population but dietary intake and quality as measured in this study did not.
Focus groups with participants could explore how resources are used before and after SNAP-Ed.
Further dietary evaluation could also explore the types of foods purchased before and after
SNAP-Ed to contextualize the results of this study. Process evaluation could provide insight to
help guide tailoring the program to more effectively meet the population’s specific needs in the
context of their environment. States receive prescribed policies, rules, and guidance from the
federal level providing consistent implementation across communities where SNAP-Ed is
offered and determination of resource allocation such as paraprofessionals’ time per participant,
all which may limit paraprofessionals ability to fully address participants’ unique needs. For
example, the intervention lessons, considered core lessons, may not have sufficiently addressed
the dietary outcomes investigated in this study. Higher intensity and more exposure to lessons
and program-supported activities covering the study outcomes may be one way to improve study
outcomes. Filling these research gaps will help determine how to further tailor SNAP-Ed to align
dietary choices of the population with the DGA and inform which aspects of the direct nutrition
education component of SNAP-Ed need further attention to help low-income households reduce
disparities in dietary intake and quality.

5.6

Limitations
Contributions from dietary supplements to total usual nutrient intake were not included

but would add more complete understanding of total nutrient intake among this population.
Addition of dietary supplements to dietary assessment is not expected to result in large
differences from the nutrient intakes determined from diet in this study because previous
research has shown that the low-income US population do not prevalently use dietary
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supplements. Further, intake from dietary supplements in this population may be low,
inconsistent, and not reflective of usual intake48. Changes in dietary supplements as a result of
the SNAP-Ed intervention over time are also not likely.
This study did not stratify the sample by age and sex, which is common when estimating
population nutrient outcomes because of the differences in recommendations by these
characteristic groups. To address this limitation, all of the NCI Method models were controlled
for age and the majority of the study sample was female and investigation by removal of males
(n=6) did not change the study conclusions. Results from this study are generalizable to a similar
population, but more research is necessary to investigate dietary intake in SNAP-Ed-eligible
populations that include more diverse study samples to improve application of findings and
provide evidence of the effect of SNAP-Ed on dietary intake and diet quality. Additional
investigation should be done to determine ways to retain participants who reported employment
in the previous year and those who were experiencing the most severe classification of food
insecurity because they may be in the most need of the benefits of SNAP-Ed but may be
prioritizing employment over nutrition education lessons.

5.7

Conclusions
No long-term effect on usual dietary intake or diet quality due to SNAP-Ed was found in

Indiana SNAP-Ed-eligible participants who received nutrition education lessons compared to
those who did not receive lessons.
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Figure 5-1 The loss to follow-up of participants.
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Table 5-1 Baseline Sociodemographic Characteristics and Comparisons by Treatment Group
Among Indiana SNAP-Ed-eligible Adults during 2015 to 2016
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Table 5-1 Continued

Note: Data are number of participants and percent unless otherwise noted.
Fisher’s Exact Test was used for comparisons when 50% of cells had expected counts less than 5
(Age group). SNAP, WIC, and Emergency Food Assistance (Food Pantry) participation
reference time period was the previous 30 days. All data were self-reported.
SNAP, Supplemental Nutrition Assistance Program; SNAP-Ed, Supplemental Nutrition
Assistance Program-Education; WIC, Supplemental Nutrition Program for Women, Infants, and
Children; H.S., high school; GED, General Education Diploma
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Table 5-2 Usual Dietary Intake, 50th Percentile, and Long-term Difference in Differences
between Treatment Groups Among Indiana SNAP-Ed-eligible Adults

Means and 50th percentiles estimated from original data; SD and 95% CI estimated by bootstrap
method (n=200). Difference in differences is the mean difference in control group from baseline
to 1-year follow-up subtracted from the mean difference in treatment group from baseline to 1year follow-up.
Δ, difference
M, Mean; SD, Standard Deviation; CI, Confidence Interval; EAR, Estimated Average
Requirement; AI, Adequate Intake
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Table 5-3 Baseline Prevalence (%) and Long-term Difference in Differences in Inadequate
Dietary Intake Risk Among Indiana SNAP-Ed-eligible Adults

Prevalence estimated from original data; SD and 95% CI estimated by bootstrap method
(n=200).
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Table 5-4 Long-term Difference in Differences in HEI-2010 Scores between Treatment and
Control Groups Among Indiana SNAP-Ed-eligible Adults

Note: Boldface indicates statistical significance (p≤0.05). Data are presented as Least Squares
Means (M) ± Standard Error of the Mean (SEM) unless otherwise noted. Difference in
differences are mean difference in control group from 1-year follow-up and baseline subtracted
from the mean difference in treatment group at 1-year follow-up and baseline. 95% confidence
intervals are for difference in differences.
All outcomes were controlled for Emergency Food Assistance (Food Pantry) use and
Supplemental Nutrition Assistance Program (SNAP) participation with a reference time period
over the previous 30 days.
Δ, difference in differences; HEI, Healthy Eating Index
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Table 5-5 Supplemental Table 1 Statistical Methods used with the NCI Method
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1

Data from Appendix E-2.1: Usual Intake Distributions, 2007-2010, by Age/Gender Groups. Part

E. Section 2: Supplementary Documentation to the 2015 Dietary Guidelines for Americans
Committee Report (https://health.gov/dietaryguidelines/2015BINDER/meeting2/docs/refMaterials/Usual_Intake_072013.pdf).
Average Food Group Intakes Females Age 31-50 years from Dietary Guidelines for Americans
2015-2020. Data Source is: What We Eat in America, NHANES 2007-2010 for average intakes
by age-sex group. Healthy U.S.-Style Food Patterns
(https://health.gov/dietaryguidelines/2015/guidelines/chapter-2/a-closer-look-at-current-intakesand-recommended-shifts/#figure-2-5-desc-toggle)
Non-linear mixed model optimization algorithms used with the PROC NLMIXED procedure
NLOPTIONS statement included NRRIDGE and DBLDOG. QUANEW was the default.
Quadrature options included QMAX set to 60 maximum points and GCONV=0 was specified as
the relative gradient convergence criterion
For Vitamin A and folate, the BoxCox transformation could not determine a lambda for certain
bootstrap samples. The bootstrap samples were investigated for extreme observations. Using 2
times the interquartile range plus the 75th percentile value to winsorize Vitamin A 1-year followup data was necessary for the Box Cox transformation and analysis to proceed. To winsorize
folate, a value of 800 was used for baseline data and a value of 1000 was used for 1-year followup data.
For Vitamin C bootstrap samples with Hessian Matrix warnings were compared against
bootstrap samples without Hessian Matrix-related warnings. The distribution of the Hessian
Matrix warning bootstrap samples fell within the distribution of the bootstrap samples without.
The final results compared with and without Hessian Matrix warnings were not different so all
bootstrap samples remained in the analysis to estimate standard deviations and confidence
intervals.
Comparisons of bootstrap samples with and without Hessian Matrix warnings: Dairy difference
in mean=0.07; Fruit difference in mean=0.61; Vegetable difference in mean=4.5; Whole Grain
difference in mean=0.13
NRRIDGE, Newton-Raphson Ridge method; QUANEW, Quasi-Newton method; DBLDOG,
double-dogleg method
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Table 5-6 Supplemental Table 2 Long-term Differences in Mean Intake of EpisodicallyConsumed Foods from Single Day 24-hour Dietary Recall
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Table 5-7 Supplemental Table 3. Comparisons of Sociodemographic Characteristics of SNAPEd-eligible Adults Study Participants to Indiana SNAP-Ed Clients during 2015 to 2016
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Note: Data are number of participants and percent unless otherwise noted.
Indiana SNAP-Ed-eligible study participant characteristic data were collected from August 2015
to May 2016. Indiana SNAP-Ed client data cover August 6th, 2015 to May 31st, 2016 and were
collected as part of regular program evaluation using the Medium Term Survey pre-test
administered to clients before the first SNAP-Ed lesson. All data were self-reported. Indiana
SNAP-Ed client SNAP, WIC, and Emergency Food Assistance (Food Pantry) participation data
did not specify a time reference period and is assumed to reflect current participation at the time
of the survey. SNAP-Ed-eligible study participant SNAP, WIC, and Emergency Food Assistance
(Food Pantry) participation reference time period was the previous 30 days. All data were selfreported.
SNAP, Supplemental Nutrition Assistance Program; SNAP-Ed, Supplemental Nutrition
Assistance Program-Education; WIC, Supplemental Nutrition Program for Women, Infants, and
Children; H.S., high school; GED, General Education Diploma
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SUMMARY AND FUTURE DIRECTIONS

6.1

Summary
A large proportion of Indiana SNAP-Ed-eligible households were classified as food

insecure, placing them at risk of poor dietary outcomes. Overall poor diet quality, low mean
usual intakes for nutrients of concern, and large proportions of the population at risk for
inadequate nutrient intake and not meeting recommended daily food group servings
characterized dietary outcomes among the study population. These baseline findings provide
strong evidence for the justification to support interventions, such as SNAP-Ed, that empower
clients with education and knowledge that may be applied to stretch resources and maximize
food dollars.
The short and long-term impact evaluation findings demonstrated that direct SNAP-Ed
improved long-term household food security score and food security score among household
adults. Variation in the customizable programmatic aspects of SNAP-Ed such as the number of
lessons participants receive, the lesson delivery format, and the SNAP-Ed paraprofessional made
no differential effect on improvements on food security score, indicating that the program as a
whole was effective in improving food security in a variety of environments and conditions.
However, both the short-term and long-term dietary improvements were not observed after the
nutrition education intervention. Food security status was shown to be positively associated with
diet quality but not associated with mean usual intake of fruits, vegetables, dairy, or whole
grains. Although the dietary intake after SNAP-Ed was not more closely aligned with the DGA,
improvements in food security score are promising and provide insight to the effectiveness of
SNAP-Ed. When participants are classified as having very low food security, receipt of SNAPEd lessons cannot be expected to improve dietary outcomes when improvements in food security
occur but the participants still remain characterized as having poor access to food. Further
tailoring of the program to the specific needs of the population and individual participants,
particularly those experiencing food insecurity, may assist the program to further improve food
security and ultimately diet.
Results from the studies presented in this dissertation highlight direct nutrition education
through SNAP-Ed as a powerful intervention to affect sustainable long-term food security,
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among a low-income population. These research findings contribute strong evidence to a
growing body of scientific literature regarding the impact of SNAP-Ed on food security and
dietary outcomes. The experimental study design, sophisticated measures, and robust statistical
methods used to provide the results in chapters two-five are major strengths of the research,
supporting justification that changes in outcomes are due to SNAP-Ed and not influenced by
other factors. Applying an experimental study design across a large free-living population
allowed for evaluation of the program in a real-life setting, the setting in which the program is
actually delivered; in addition, randomization of study participants with varying characteristics to
intervention and control groups allows for generalization of study results among the greater
Indiana SNAP-Ed population and among similar low-income populations simultaneously facing
food insecurity and poor dietary behaviors.

6.2

Future Directions
Future research to understand how to effectively promote positive dietary behavior change

and other targeted health behaviors among this population should continue to apply rigorous
methods and the strongest study designs possible, experimental designs with a longitudinal
component. In addition, measurement tools and analysis methods that reduce measurement error
should be used consistently across studies and different populations to build a larger evidence
base and improve external validity. Inclusion of more diverse study samples will help widen the
generalizability of study results. In particular, replicating these studies in other states, in other
programmatic conditions (for example where SNAP-Ed is administered through a different entity
than Extension), and among other low-income populations will improve evidence to support how
those differences may impact the results presented here. These steps will help inform SNAP-Ed
program developers and facilitators to better understand which program aspects are influential
and for which types of participant characteristics and populations (i.e. food security status,
household composition, household employment status, income, etc). Results from this study
support the need for expanded evaluation, programmatic improvements targeting dietary
outcomes, and re-evaluation of future program changes informed by the research evidence.
Furthermore, a focus on investigating direct SNAP-Ed program aspects, such as the
content of lessons and how SNAP-Ed paraprofessionals incorporate additional activities,
resources, and community-level SNAP-Ed interventions in the policy, systems, and
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environmental arenas, could help identify the determinants of why SNAP-Ed did not improve
dietary intake or quality and lead to program improvement. For example, if a SNAP-Ed
participant receives SNAP benefits, their food security may improve, but if the only food outlets
that accept SNAP benefits do not offer dietary choices promoted by the DGA, participant dietary
intake may not improve even though they have the knowledge and intention to choose healthy
food options. Since those who are eligible for SNAP-Ed may simultaneously receive federal
nutrition assistance, understanding how SNAP-Ed interacts with these programs and the
combined impact on health outcomes is another important topic for future research. Results
presented in this dissertation indicate that participation in nutrition assistance programs, SNAP,
WIC, or food pantries, did not mediate improvements in food security due to SNAP-Ed, but
whether effects of these programs are mediated by SNAP-Ed is a separate research question. The
possibility that SNAP-Ed assists other nutrition programs and community-level interventions to
achieve positive outcomes would strengthen support for continuation, funding, and expansion of
direct SNAP-Ed.
To further demonstrate the impact of SNAP-Ed, appropriate outcome measures and tools
are necessary. Another future research area is the improvement and further development of
SNAP-Ed evaluation tools used to assess dietary behaviors, which are typically behavior
checklists and subject to strong bias. One way to improve the SNAP-Ed evaluation tools is
through updated validation studies of the items in the behavior checklist against more recent
dietary assessment tools, such as 24-hour recalls and food frequency questionnaires, using
current statistical methods to analyze dietary data. Use of short program evaluation surveys is
practical; however, the current program surveys may need to be updated to more accurately
reflect participant diet-related outcomes. Improvements to the program evaluation tools and more
accurate results would help guide reform of ineffective aspects of the program and improve
program effectiveness.
In conclusion, future SNAP-Ed impact research should be directed at using the most
rigorous scientific methods to determine the effective and ineffective components of SNAP-Ed
and for which targeted health behaviors the program is impactful. The results from this
dissertation will inform policy makers of the effect of SNAP-Ed to reduce food insecurity among
low-income American households and justify the need for expanded funding and allocation of
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resources to further evaluate and improve the program through rigorous research-based
recommendations.
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APPENDIX A. FNP LONG-TERM STUDY BASELINE SURVEY

Please answer these next questions about the food eaten in your household in the last
12 months, since (current month) of last year, and whether you were able to afford the
food you need.
After reading each question, completely fill in the bubble next to your answer.
1.Which of these statements best describes the food eaten in your household in the
last 12 months:

o Enough of the kinds of food we want to eat
o Enough but not always the kinds of food we want
o Sometimes not enough to eat
o Often not enough to eat
Listed below are several statements that people have made about their food situation.
For these statements, please indicate whether the statement was often true, sometimes
true, or never true for your household in the last 12 months-that is, since last (name of
current month).
2.“We worried whether our food would run out before we got money to buy more.”
Was that often true, sometimes true, or never true for your household in the last
12 months?

o
o
o

Often true
Sometimes true
Never true

3.“The food that we bought just didn’t last, and we didn’t have money to get more.”
Was that often true, sometimes true, or never true for your household in the last
12 months?

o
o
o

Often true
Sometimes true
Never true
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4.“We couldn’t afford to eat balanced meals.” Was that often true, sometimes true, or
never true for your household in the last 12 months?

o
o
o

Often true
Sometimes true
Never true

5.In the last 12 months, since last (name of current month), did you or other adults in
your household ever cut the size of your meals or skip meals because there
wasn't enough money for food?

o
o

Yes
No (skip 5a.)

5a.If yes above, how often did this happen-almost every month, some months but
not every month, or in only 1 or 2 months?

o Almost every month
o Some months but not every month
o Only 1 or 2 months
6.In the last 12 months, did you ever eat less than you felt you should because there
wasn't enough money to buy food?

o Yes
o No
7.In the last 12 months, were you ever hungry but didn't eat because there wasn't
enough money for food?

o Yes
o No
8.In the last 12 months, did you lose weight because there wasn't enough money for
food?

o Yes
o No
9.In the last 12 months, did you or other adults in your household ever not eat for a
whole day because there wasn't enough money for food?
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o Yes
o No (skip 9a.)
9a.If yes above, how often did this happen- almost every month, some months but not
every month, or in only 1 or 2 months?

o Almost every month
o Some months but not every month
o Only 1 or 2 months
Listed below are several statements that people have made about the food situation of
their children. For these statements, please indicate whether the statement was OFTEN
true, SOMETIMES true, or NEVER true in the last 12 months for children living in the
household who are under 18 years old.
10. “I/we relied on only a few kinds of low-cost food to feed the children because we
were running out of money to buy food.” Was that often, sometimes, or never true for
your household in the last 12 months?

o Often true
o Sometimes true
o Never true
11. “I/We couldn’t feed the children a balanced meal, because I/we couldn’t afford that.”
Was that often, sometimes, or never true for your household in the last 12 months?

o Often true
o Sometimes true
o Never true
12. "The children were not eating enough because I/we just couldn't afford enough
food." Was that often, sometimes, or never true for your household in the last 12
months?

o Often true
o Sometimes true
o Never true
13. In the last 12 months, since (current month) of last year, did you ever cut the size of
any of the children's meals because there wasn't enough money for food?
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o Yes
o No
14. In the last 12 months, did any of the children ever skip meals because there wasn't
enough money for food?

o Yes
o No (skip 14a.)
14a.If yes above, how often did this happen- almost every month, some months but not
every month, or in only 1 or 2 months?

o Almost every month
o Some months but not every month
o Only 1 or 2 months
15. In the last 12 months, were the children ever hungry but you just couldn't afford more
food?

o Yes
o No
16. In the last 12 months, did any of the children ever not eat for a whole day because
there wasn't enough money for food?

o Yes
o No
You have already been asked about the food situation in your household in the last 12
months, but we also want to know about the food situation in your household in the last
30 days. These next questions will be familiar but please consider the food eaten in
your household in the last 30 days, since (date today) of (last month), and whether you
were able to afford the food you need.

After reading each question, completely fill in the bubble next to your answer.
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17. Which of these statements best describes the food eaten in your household in the
last 30 days:

o Enough of the kinds of food we want to eat
o Enough but not always the kinds of food we want
o Sometimes not enough to eat
o Often not enough to eat
Listed below are several statements that people have made about their food situation.
For these statements, please indicate whether the statement was often true, sometimes
true, or never true for your household in the last 30 days -that is, since (date today) of
(last month).
18. “We worried whether our food would run out before we got money to buy more.”
Was that often true, sometimes true, or never true for your household in the last 30
days?

o
o
o

Often true
Sometimes true
Never true

19. “The food that we bought just didn’t last, and we didn’t have money to get more.”
Was that often true, sometimes true, or never true for your household in the last 30
days?

o
o
o

Often true
Sometimes true
Never true

20. “We couldn’t afford to eat balanced meals.” Was that often true, sometimes true, or
never true for your household in the last 30 days?

o
o
o

Often true
Sometimes true
Never true

21. In the last 30 days, since (date today) of (last month), did you or other adults in your
household ever cut the size of your meals or skip meals because there wasn't
enough money for food?
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o
o

Yes
No (skip 21a.)

21a.If yes above, in the last 30 days, how many days did this happen?
__________ days
22. In the last 30 days, did you ever eat less than you felt you should because there
wasn't enough money to buy food?

o Yes
o No
23. In the last 30 days, were you ever hungry but didn't eat because there wasn't
enough money for food?

o Yes
o No
24. In the last 30 days, did you lose weight because there wasn't enough money for
food?

o Yes
o No
25. In the last 30 days, did you or other adults in your household ever not eat for a whole
day because there wasn't enough money for food?

o Yes
o No (skip 25a.)
25a. If yes above, in the last 30 days, how many days did this happen?
__________ days
Listed below are several statements that people have made about the food situation of
their children. For these statements, please indicate whether the statement was OFTEN
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true, SOMETIMES true, or NEVER true in the last 30 days for children living in the
household who are under 18 years old.
26. “I/we relied on only a few kinds of low-cost food to feed the children because we
were running out of money to buy food.” Was that often, sometimes, or never true for
your household in the last 30 days?

o Often true
o Sometimes true
o Never true
27. “I/We couldn’t feed the children a balanced meal, because I/we couldn’t afford that.”
Was that often, sometimes, or never true for your household in the last 30 days?

o Often true
o Sometimes true
o Never true
28. "The children were not eating enough because I/we just couldn't afford enough
food." Was that often, sometimes, or never true for your household in the last 30
days?

o Often true
o Sometimes true
o Never true
29. In the last 30 days, since (date today) of (last month), did you ever cut the size of
any of the children's meals because there wasn't enough money for food?

o Yes
o No
30. In the last 30 days, did any of the children ever skip meals because there wasn't
enough money for food?

o Yes
o No (skip 30a.)
30a. If yes above, in the last 30 days, how many days did this happen?
__________ days
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31.In the last 30 days, were the children ever hungry but you just couldn't afford more
food?

o Yes
o No
32.In the last 30 days, did any of the children ever not eat for a whole day because
there wasn't enough money for food?

o Yes
o No
Next, please fill out a few questions below about you and your household.

33. What is your age? _______________________
34. What is your sex?

o Female
o Male
35. What is your current marital status?

o Never married
o Married
o Living with partner
o Separated / Divorced
o Widowed
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36. How many adults ages 18 years or older lived with you in the last 30 days, and
what is/are their age(s)?

o No other adults
o 1 other adult
o 2 other adults
o 3 other adults
o 4 or more other adults

Age______
Ages______ and _______
Ages______ and _______ and ______
Ages______ and _______ and ______and ______

37. How many additional adults (not counting the adults indicated above) ages 18
years and older lived with you in the last 12 months, and what is/are their age(s)?

o No other adults
o 1 other adult
o 2 other adults
o 3 other adults
o 4 or more other adults

Age______
Ages______ and _______
Ages______ and _______ and ______
Ages______ and _______ and ______and ______

38. How many children ages 17 years or younger lived with you in the last 30 days,
and what is/are their age(s)?

o 1 child
o 2 children
o 3 children
o 4 children
o 5 or more children

Age______
Ages______and _____
Ages_____ and _____and _____
Ages______and ______and_____and _____
Ages______and _____and _____and ____and _____

39. How many additional children (not counting the children indicated above) ages
17 years or younger lived with you in the last 12 months, and what is/are their
age(s)?

o 1 child
o 2 children
o 3 children
o 4 children
o 5 or more children

Age______
Ages______and _____
Ages_____ and _____and _____
Ages______and ______and_____and _____
Ages______and _____and _____and ____and _____
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40. What is the highest level of education COMPLETED by you and the other adults in
your household? From the choices below, please write down the letter of the
highest level of education completed next to each of the adults in the household,
including you.

[a] Did not graduate high school
You _________________________
Adult 1 ______________________

[b] Graduated high school
[c] GED
[d] Some college

Adult 2_______________________
Adult 3_______________________

[e] Associate / Two-year college degree
[f] Bachelor’s degree (B.A. / B.S.)
[g] Post bachelor’s education

Adult 4_______________________

[h] Other (specify)___________________

41. In the last 30 days have you been…? (Fill in all that apply)

o Retired
o Employed ______ hours per week
o Receiving Social Security Disability (SSD)
o Receiving Supplemental Security Income (SSI)
o Not employed (and not receiving assistance)
o Serving in the military or receiving military benefits
42. In the last 12 months have you been…? (Fill in all that apply)

o Retired
o Employed ______ hours per week (fill in # of hours you worked)
o Receiving Social Security Disability (SSD)
o Receiving Supplemental Security Income (SSI)
o Not employed (and not receiving assistance)
o Serving in the military or receiving military benefits
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43. In the last 30 days have you received…? (Fill in all that apply)

o TANF (Temporary Assistance for Needy Families)
o WIC (Special Supplemental Nutrition Program for Women, Infants, and
Children)

o SNAP (Supplemental Nutrition Assistance Program)
o Food from a food pantry, soup kitchen, or from other emergency food
assistance programs
44. In the last 30 days how often have you received any food from a food pantry, soup
kitchen, or other emergency food organization?

o More than once per week
o Once per week
o Less than once per week
o Never
45. In the last 12 months have you received…? (Fill in all that apply)

o TANF (Temporary Assistance for Needy Families)
o WIC (Special Supplemental Nutrition Program for Women, Infants, and
Children)

o SNAP (Supplemental Nutrition Assistance Program)
o Food from a food pantry, soup kitchen, or from other emergency food
assistance programs
46. In the last 12 months how often have you received any food from a food pantry,
soup kitchen, or other emergency food organization?

o Almost every month
o Some months but not every month
o Only in 1 or 2 months
o Never
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47. In the last 30 days has any other adult in your household been…? (Fill in all that
apply and how many adults for each answer choice chosen)

o Retired ______ (# of adults)
o Employed ______ (# of total adults employed)
Adult 1 was employed ______ hours per week
Adult 2 was employed ______ hours per week
Adult 3 was employed ______ hours per week
Adult 4 was employed ______ hours per week

o Receiving Social Security Disability (SSD) _________(# of adults)
o Receiving Supplemental Security Income (SSI) _____________(# of adults)
o Not employed (and not receiving assistance) _______ (# of adults)
o In the military or receiving military benefits _________(# of adults)
48. In the last 30 days has any other adult or child in your household received…? (Fill
in all that apply and how many adults for each answer choice chosen)

o TANF (Temporary Assistance for Needy Families) ______ (# of adults)
o WIC (Special Supplemental Nutrition Program for Women, Infants, and
Children)
______ (# of adults) _______(# of children)

o SNAP (Supplemental Nutrition Assistance Program) ______ (# of adults)
o Food from a food pantry, soup kitchen, or from other emergency food
assistance programs ______ (# of adults)

49. In the last 30 days how often has any other adult in your household received any
food from a food pantry, soup kitchen, or other emergency food organization?

o More than once per week
o Once per week
o Less than once per week
o Never
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50. Please give an estimate of your total household income for the last 30 days just
from employment and before taxes. Even a very rough estimate would be helpful.
$ |___|___|___|___|___|___|___|___|___| .00

51. Please give an estimate of your total income from other sources, such as Social
Security, retirement benefits, and help from relatives (before taxes), for the last 30
days. Even a very rough estimate would be helpful.
$ |___|___|___|___|___|___|___|___|___| .00

52. Please give an estimate of your total household income for the last 12 months just
from employment and before taxes? Even a very rough estimate would be helpful.
$ |___|___|___|___|___|___|___|___|___| .00

53. Please give an estimate of your total income from other sources, such as Social
Security, retirement benefits, and help from relatives (before taxes), for the last 12
months? Even a very rough estimate would be helpful.

$ |___|___|___|___|___|___|___|___|___| .00

Next, please answer some questions about your knowledge of foods and nutrition
in the following questionnaire.
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APPENDIX B. FNP MEDIUM TERM SURVEY (INDIANA SNAP-ED
EVALUATION SURVEY)
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APPENDIX C. OPERATION RETENTION
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APPENDIX D. NATIONAL CANCER INSTITUTE AUTOMATED SELFADMINISTERED 24-HOUR DIETARY RECALL

https://epi.grants.cancer.gov/asa24/
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Member, 2015 – September 2017
Treasurer, 2014 – 2015
Board Member, 2013 – 2015
The Latino Center for Wellness & Education
Tippecanoe County, IN
• Promote partnerships, cultural awareness, and shared resources among the Latino population
and the Greater Lafayette/West Lafayette/Purdue University Community through outreach
activities such as the annual Latino Festival
PUBLICATIONS:
Rivera RL, Dunne J, Maulding MK, Wang Q, Nickols-Richardson SM, Savainao DA, EicherMiller HA. Exploring the association between urban or rural county status and environmental,
nutrition, and lifestyle-related resources with SNAP-Ed’s improvement in food security. (2018)
Public Health Nutr. 21(5):957-966. First published online 4 Dec 2017
(doi:10.1017/S1368980017003391).
Rivera RL, Maulding MK, Abbott AR, Craig BA, Eicher-Miller HA. SNAP-Ed (Supplemental
Nutrition Assistance Program-Education) Increases Long-Term Food Security among Indiana
Households with Children in a Randomized Controlled Study. (2016) J Nutr. 146(11):23752382. First published online 28 Sept 2016 (doi:10.3945/jn.116.231373).
Dhillon J, Craig BA, Leidy HJ, Amankwaah AF, Osei-Boadi Anguah K, Jacobs A, Jones BL,
Jones JB, Keeler CL, Keller CE, McCrory MA, Rivera RL, Slebodnik M, Mattes RD, Tucker
RM. (2016) The Effects of Increased Protein Intake on Fullness: A Meta-Analysis and Its
Limitations. J Acad Nutr Diet. 116(6):968-83 (doi: 10.1016/j.jand.2016.01.003).
Carreiro AL, Dhillon J, Gordon S, Higgins KA, Jacobs AG, McArthur BM, Redan BW, Rivera
RL, Schmidt LR, Mattes RD. (2016) The Macronutrients, Appetite, and Energy Intake. Annu
Rev Nutr. Jul 17; 36:73-103 (doi: 10.1146/annurev-nutr-121415-112624).
Fialkowski MK, Ettienne R, Shvetsov YB, Rivera RL, Van Loan MD, Savaiano DA, Boushey
CJ. (2015) Ethnicity and acculturation: Do they predict weight status in a longitudinal study
among Asian, Hispanic, and non-Hispanic White early adolescent females? Adolesc Health Med
Ther. 6:1-7 (doi: 10.2147/AHMT.S67511).
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Rivera RL, Maulding MK, Eicher-Miller HA. Does Supplemental Nutrition Assistance
Program-Education (SNAP-Ed) improve food security and dietary quality? A Narrative Review.
Submitted to Adv Nutr on January 12, 2018.
Rivera RL, Sun H, Zhang Y, Maulding, MK, Craig BA, Bailey RL, Eicher-Miller HA. Nutrition
Assistance Program Participation and SNAP-Ed Program Characteristics are not Associated with
SNAP-Ed Increases in Long-term Household Food Security among Indiana Households with
Children. Submitted to J Nutr on March 27, 2018.
Rivera RL, Zhang Y, Wang Q, Maulding MK, Craig BA, Bailey RL, Eicher-Miller HA. Diet
quality is associated with food security status in Indiana SNAP-Ed-eligible adults. J Nutr. (In
Preparation).
Rivera RL, Zhang Y, Wang Q, Maulding, MK, Craig BA, Bailey RL, Eicher-Miller HA. Impact
of a Supplemental Nutrition Assistance Program-Education Intervention on Usual Dietary Intake
among Indiana Adults: an RCT. Am J Prev Med. (In Preparation).
AWARDS & HONORS:
•
•
•
•
•
•
•
•
•
•

Travel Grant, Purdue Graduate Student Government, September 2017 ($250)
Student Research Award, Society for Nutrition Education and Behavior Annual Conference,
July 2017 ($250)
Certificate of Excellence in Research Award, Ingestive Behavior Division, Purdue University
Office of Interdisciplinary Graduate Programs (OIGP) Spring Reception, May 2017
Travel Grant, Purdue Graduate Student Government, April 2017 ($500)
Interdepartmental Nutrition Program Poster Contest 1st Place in Population Nutrition and
Public Health Category, March 2017 ($500 travel award)
Professional Grant, Purdue Graduate Student Government, January 2017 ($250)
Center for Families Justice Family Nutrition Award, June – July 2016 ($1,000)
Health and Disease: Science, Technology, Culture and Policy Research Poster Session 2nd
Place in Prevention and Wellness Category, March 2016 ($250)
Center for Families Summer Nutrition Research Award, June – July 2015 ($1,000)
Frederick N. Andrews Fellowship, Purdue University, August 2013 – May 2015

MEDIA REPORTS DERIVED FROM DISSERTATION RESEARCH:
•

Sheridan, Jill. (2016) “Purdue researchers find education programs help food insecure
people” Lakeshore Public Media, December 22, 2016.
http://lakeshorepublicmedia.org/purdue-researchers-find-education-programs-help-foodinsecure-people/
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•

•

Patterson Neubert, Amy. (2016) “Nutrition program improves food stamp family’s food
security” Purdue University News, December 12, 2016.
http://www.purdue.edu/newsroom/releases/2016/Q4/nutrition-program-improves-foodstamp-familys-food-security.html
Smith, Matt. (2016) “Purdue study reveals how low-income Hoosiers increased their access
to healthy food” CBS-4 Indy Evening News, December 12, 2016.
http://cbs4indy.com/2016/12/12/purdue-study-reveals-how-low-income-hoosiers-increasedtheir-access-to-healthy-food/

INVITED PRESENTATIONS:
Rivera, RL. Is SNAP-Ed Working in Indiana? May Conference, Public Health: Guidance and
Practice, Department of Nutrition Science, Purdue University, West Lafayette, IN, May 3rd,
2018.
Rivera, RL. Effects of SNAP-Ed on food security and diet quality among low-income adults.
Fuqua Graduate Seminar, Department of Nutrition Science, Purdue University, West Lafayette,
IN, April 14th, 2017.
Rivera, RL. Understanding the immediate and long-term effects of Supplemental Nutrition
Assistance Program-Education as an intervention to improve food security among households
with children in Indiana. Center for Families Advisory Council Meeting, Purdue University,
West Lafayette, IN, October 28th, 2015.
REFEREED SCIENTIFIC MEETING PRESENTATIONS:
Rivera RL, Maulding MK, Abbott AR, Wang Q, Eicher-Miller HA. Dairy and whole grain
intake differ by food security status among Indiana SNAP-Ed eligible adults. Society for
Nutrition Education and Behavior Annual Conference, Washington, D.C., July 2017, poster
presentation.
Rivera RL, Maulding MK, Abbott AR, Wang Q, Eicher-Miller HA. Food security score is
associated with BMI among Indiana SNAP-Ed eligible adults. Society for Nutrition Education
and Behavior Annual Conference, Washington, D.C., July 2017, minisymposium.
Rivera RL, Maulding MK, Abbott AR, Wang Q, Eicher-Miller HA. Food security status is
associated with diet quality in Indiana Supplemental Nutrition Assistance Program-Education
(SNAP-Ed) eligible adults.
• American Society for Nutrition, Experimental Biology Conference, Chicago, IL, April
2017, poster presentation.
• Office of Interdisciplinary Graduate Programs (OIGP) Spring Reception, Purdue
University, West Lafayette, IN, May 2017, poster presentation.
• Interdepartmental Nutrition Program Corporate Affiliates Poster Session, Purdue
University, West Lafayette, IN, March 2017, poster presentation.
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Rivera RL, Maulding MK, Abbott AR, Wang Q, Eicher-Miller HA. SNAP-Ed program
characteristics were not associated with improvement in food security. Society for Nutrition
Education and Behavior Annual Conference, San Diego, CA, August 2016, minisymposium.
Rivera RL, Maulding MK, Abbott AR, Wang Q, Eicher-Miller HA. SNAP-Ed improves longterm household food security regardless of participation in SNAP or WIC at recruitment. Society
for Nutrition Education and Behavior Annual Conference, San Diego, CA, August 2016, poster
presentation.
Rivera RL, Maulding MK, Abbott AR, Wanq Q, Eicher-Miller HA. SNAP-Ed program and
participant characteristics were not associated with improvement in household food security.
Office of Interdisciplinary Graduate Programs Spring Reception, Purdue University, West
Lafayette, IN, May 2016, poster presentation.
Rivera RL, Maulding MK, Abbott AR, Craig BA, Eicher-Miller HA. Improvement in long-term
household food security among Indiana households with children did not differ between rural
and urban counties after a Supplemental Nutrition Assistance Program-Education intervention.
American Society for Nutrition, Experimental Biology Conference, San Diego, CA, April 2016,
poster presentation.
Rivera RL, Maulding MK, Abbott AR, Craig BA, Eicher-Miller HA. Food security among
households with children improved following a nutrition education intervention.
• Health and Human Sciences Fall Research Day, Purdue University, West Lafayette, IN,
October 28th, 2015, poster presentation.
• Ingestive Behavior Research Center Symposium, High Intensity Sweeteners: Science and
Controversy, September 2015, Purdue University, West Lafayette, IN, October 28th,
2015, poster presentation.
• Society for Nutrition Education and Behavior Annual Conference, Pittsburgh, PA,
August 2015, poster presentation.
Rivera RL, Maulding MK, Abbott AR, Craig BA, Eicher-Miller HA. Food security among
households with children in Indiana improved following a Supplemental Nutrition Assistance
Program-Education intervention. American Society for Nutrition, Experimental Biology
Conference, Boston, MA, March 2015, minisymposium.
Rivera RL, Maulding MK, Abbott AR, Craig BA, Eicher-Miller HA. Understanding the
immediate and long-term effects of Supplemental Nutrition Assistance Program-Education as an
intervention to improve food security among households with children in Indiana” Indiana
Clinical and Translational Sciences Institute Sixth Annual Meeting, Indianapolis, IN, September
2014, poster presentation.
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OUTREACH:
Poster Presentation, April 4th, 2018
Purdue University, West Lafayette, IN
Health and Human Sciences Extension Update Conference
Rivera RL, Zhang Y, Wang Q, Maulding MK, Abbott AR, Craig BA, BaileyRL, Eicher-Miller
HA. Dietary intake of Indiana SNAP-Ed adult participants in the NEP Long-term Study Sequel.
Panel Speaker, September 14th, 2016
Purdue University, West Lafayette, IN
Office of Interdisciplinary Graduate Programs
Interdisciplinary Social Justice Seminar Series: Funding, Research, and Outreach

Sensory Sciences Outreach, June 2015
Purdue University, West Lafayette, IN
Ingestive Behavior Graduate Student Association
• Conducted sensory science experiments with elementary school children visiting campus
Panel Speaker, December 1st, 2014
Purdue University, West Lafayette, IN
Krannert School of Management and the Society for Human Resource Management
Health is Contagious! Discussion
Spanish Service Learning Course, SPAN 41900, Purdue University, Spring 2010
• Volunteered 5 hours per week at the Lafayette Adult Resource Academy to assist adult
Spanish-native speakers to learn English to communicate more effectively at work, in the
community, and with their children who were learning English in school
• Learned about different immigrant experiences and cultures
• Used personal experience to assist adult learners to prepare for the US citizenship exam
ADDITIONAL SKILLS:
• Proficient knowledge of Microsoft Word, Excel, PowerPoint, Outlook, and Access
• Proficient use of Statistical Analysis Software (SAS)
• Basic use of Statistical Package for the Social Sciences (SPSS)
• Experienced use of WebEx and Skype for conducting webinars and remote meetings
• Spanish Language: reading, writing, and oral basic competency
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PROFESSIONAL MEMBERSHIPS:
American Public Health Association
• Epidemiology Section Membership
• Food and Nutrition Section Membership
American Society for Nutrition
• Nutritional Epidemiology, Community and Public Health Nutrition, Nutrition Translation,
and Nutrition Education and Behavior Science Research Interest Groups
Society for Nutrition Education and Behavior
• Public Health Nutrition Division
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